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The  present  *  Companion  '  closely  resembles  that  of  last  year. 

As  in  former  years,  we  have  to  thank  Mr.  Denning  for  revising 
the  "  Meteor  Notes,"  and  Mr.  Maw  for  kindly  supplying  a  number 
of  observations  of  Double  Stars. 

M.  Loewy  has  again  favoured  us  with  advance-proofs  from  which 
we  have  obtained  the  Variable  Star  Ephemerides.  The  occultations 
and  phenomena,  of  Jupiter's  SateUites  are  from  the  'Nautical 
Almanac ' ;  the  diagrams  and  Ephemerides  of  the  Satellites  of  the 
other  planets  from  the  *  American  Ephemeris.*  The  Ephemeris  of 
Jupiter's  5th  satellite  is  taken  from  E.  A.  S.  Mon.  Not.  vol.  Ivi. 
p.  542,  where  Mr.  Marth  made  the  following  remark  : — "  As  no 
measurements  of  the  fifth  satellite  made  during  the  last  season 
have  yet  come  to  my  knowledge,  I  must  content  myself  with  going 
on  with  the  adopted  daily  rate  of  motion  722°'633  deduced  from 
the  measures  of  1892  and  1893,  so  that  its  uncertainty  will  now 
appear  trebled." 

It  has  seemed  advisable  to  give  particulars  of  an  Eclipse  of  the 
year  1898  which  occurs  early  in  that  year. 

The  "  Fraction  of  the  Year"  is  the  fraction  which  has  elapsed 
at  mean  noon  of  the  particular  day  from  mean  noon  on  January  i. 
The  Moon's  declination  is  given  for  mean  midnight.  The  "  Lon- 
gitude of  the  Moon's  Terminator "  is  given  for  mean  midnight ; 
the  letters  M.  and  E.  signifying  morning  and  evening — that  is, 
that  the  Sun  is  rising  or  setting;  on  that  particular  longitude  of 
the  Moon's  surface ;  the  sign  +  indicates  longitudes  reckoned  from 
the  central  meridian  in  a  westward  direction.  The  angles  of 
disappearance  and  reappearance  for  occultations  are  reckoned  from 
the  true  north  in  the  direction  N.  E.  S.  W.,  as  for  double  stars. 

Greenwich  Mean  Time  is  used  in  all  cases,  and  the  astronomical 
day  is  reckoned  from  noon  to  noon  as  in  previous  years. 
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6  Meteor-showers.  [No.  248. 

List  of  the  principal  Meteor-showers  of  the  Year. 

Bv  W.  F.  Denning. 


Date. 

Badiant. 

Meteors. 

Date. 

Radiant 

Jan.     2  ... 

a          8 
0        0 
230  +53 

Swift ;  long  paths. 

July  28  ... 

a           S 
0          c 
339  -12 

3  - 

156  +41 

Swiff. 

30  ... 

6  +35 

11  ... 

220  4-13 

Swift:  stneaks. 

* 

Aug.    4  ... 

30  +36 

17  ... 

»95  +53 

Slow  ;  bright. 

4-10 

350  +51 

22  ... 

208  -   8 

Very  swift ;  streaks. 

10  ... 

45  +57 

25  .. 

131  4-3* 

Swift. 

14  ... 

311   +62 

29  ... 

213  +52 

Very  swift. 

15  ... 

292  +53 

Feb.     I  ... 

211   +69 

Slow ;  short. 

16  ... 

61  +48 

15  ... 

236  4- II 

Swift;  streaks. 

21  ... 

73  +41 

15  ... 

261  +  4 

Swift;  streaks. 

22  ... 

291   +60 

20  ... 

181   +34 

Swift;  bright. 

25  ... 

5  +11 

20  ... 

263  +36 

Swift;  streaks. 

Sept.    4  ..• 

346  +  0 

Mar.    4  ... 

175  +10 

Slow ;  bright. 

7  ... 

62  +37 

14... 

250  +54 

Swift. 

15  ... 

48  +44 

18  .. 

316  +76 

Slow;  bright. 

15  ... 

77  +57 

24  ... 

161   +58 

Swift. 

21  ... 

31   +19 

27  ... 

229  +32 

Swift;  small. 

22  ... 

335   +58 

28  ... 

263   +6i 

Rather  swift. 

27  ... 

75  +15 

Apr.  16  ... 

210  —10 

Rather  swift. 

Oct.     2  ... 

225  +52 

18  ... 

231   +17 

Swift;  short. 

4... 

133  +79 

19  ... 

218  +33 

Slow ;  bright. 

4  ... 

310  +77 

19  .. 

229   —  2 

Slow ;  long. 

8  ... 

77  +31 

20  ... 

270  +33 

Swift. 

11  ... 

29  +72 

25  ... 

272  +21 

Swift;  short. 

14... 

40  +20 

26  ... 

255  +37 

Slowish. 

14  ... 

135   +68 

May     I  ... 

239  +46 

Small;  short. 

18  ... 

92  +15 

5  ... 

254  -21 

Slowish. 

20  ... 

ig6  +12 

6... 

338  -  2 

Swift;  streaks. 

29  ... 

109  +23 

7  ... 

244  +  7 

Slow;  bright. 

Not.    I  ... 

43   +22 

11  ... 

231   +27 

Slow;  small. 

2  ... 

55  +  9 

29  ... 

264  +64 

Slowish. 

7  .. 

102  +73 

30  ... 

333  +27 

Swift;  streaks. 

13-15 

150  +22 

June   7  ... 

247  -25 

Slow ;  very  bright. 

16  ... 

154  +41 

10  ... 

261   +  5 

Very  slow. 

20  ... 

62  +23 

13  ... 

310  +61 

Swift;  streaks. 

23-27 

25  +44 

15  ... 

291  4-52 

Swift;  small. 

30  ... 

190  +58 

15  ... 

285  +23 

Slowish. 

Dec.    4  ... 

162  +58 

20  ... 

335  +57 

Swift. 

4  ... 

no  +25 

26  ... 

354  +39 

Swift;  streaks. 

6... 

80  +23 

July    4  ... 

303   +M 

Swift. 

8  ... 

145   +  7 

7  ..- 

333  +26 

Swift. 

8... 

208   +71 

18  ... 

333  +1* 

Swift. 

10  ... 

108  +33 

19  ... 

3H  +48 

Swift;  short. 

12  ... 

119  +29 

22  ... 

16  +31 

Swift;  streaks. 

22  ... 

194  +67 

25  ... 

48  +43 

Swift;  streaks. 

25  ... 

98  +31 

Meteors. 


Slow ;  long. 
Swift ;  streaks. 
Swift;  streaks. 
Swift. 

Swift;  streaks. 
Rather  swift. 
Swift;  bright. 
Swift ;  streaks. 
Swift;  streaks. 
Slow;  bright. 
Slow ;  short. 
Slow. 

Swift;  streaks. 
Very  swift. 
Swift ;  streaks. 
Slow. 
Slowish. 
Swift;  streaks. 
Slow ;  bright. 
Swift;  streaks. 
Slowish. 
Swift;  streaks. 
Small ;  short. 
Rather  swift. 
Swift;  streaks. 
Swift ;  streaks. 
Swift;  streaks. 
Very  swift. 
Slow ;  bright. 
Slow;  bright. 
Very  swift. 
Swift;  streaks. 
Swift;  streaks. 
Slow;  bright. 
Very  slow ;  train 
Swift;  streaks. 
Swift ;  streaks. 
Slowish. 
Slow;  bright. 
Swift;  streak?*. 
Rather  swift. 
Swift;  short. 
Rather  swift. 
Swift;  streaks. 
Very  slow. 


The  radiant-points  of  the  more  brilliant  showers  are  indicated  by  heavier  type. 

The  Perseids,  with  max.  on  August  i  c,  are  visible  for  a  considerable  period  and  their  radia 
point  exhibits  an  easterly  motion  amongst  the  stars.    The  following  is  an  ephemeris : — 


Date. 

Radiant. 

Date. 

Radiant. 

Date. 

Radiant. 

a         d 

a         d 

a         d 

0         0 

0         0 

0         0 

July  19  ... 

19  +51 

July  29  ... 

32  +54 

Aug.    8  ... 

42  +57 

21  ... 

22   +52 

31  ... 

34  +55 

10  ... 

45  +57 

23  ... 

25   +52 

Aug.    a  ... 

36  +55 

12  ... 

47  +57 

25  ... 

27  +53 

4... 

38   +56 

14... 

50  +58 

27  ... 

30  +54 

6  ... 

40  4-56 

16  ... 

53  +58 
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Planets. 


[No.  248. 


Jupiter  (1^). 

Satam  (Y^). 

1897. 

B.A. 
Noon. 

Dec 
Noon. 

Diam. 

Rises. 

Tran- 
sits. 

Sets. 

B.A. 

Noon. 

.i.iec. 
Noon. 

Diam. 

Rises. 

Tran- 
sits. 

Sets. 

h  m  8 

0  i 

n 

h  m 

h  m 

b  m 

b  m  s 

0  i 

II 

b  m 

b  m 

h  m 

Jan. 

I 

10  48  27 

8  50  N. 

37-8 

9  " 

16  0 

22  47 

15  41  39 

17  36  s. 

14-4 

16  22 

20  53 

I  22 

21 

10  44  32 

9  19 

39-8 

7  46 

14  3« 

21  28 

15  48  43 

17  56 

148 

15  12 

19  41 

0  7 

Feb. 

10 

10  36  41 

10  10 

41*0 

6  14 

13  II 

20  8 

15  53  43 

18  8 

154 

14  0 

18  2822  54 

Mar. 

2 

10  26  57 

II  9 

41-2 

4  41 

"  43 

18  43 

15  56  10 

18  12 

15-8 

12  43 

17  II 

21  37 

22 

10  18  3 

12  0 

40*2 

3  9 

10  15 

17  21 

15  55  5' 

18  8 

1 6*4 

II  24 

15  52 

20  18 

Apr. 

II 

10  12  22 

12  29 

386 

I  42 

851 

15  58 

15  5a  54 

17  56 

i6*8 

10  2 

H  31 

18  58 

Maj 

I 

10  II  10 

12  33 

364 

0  21 

7  31 

'4  39 

15  47  56 

17  39 

17*0 

8  36 

>3  7 

17  36 

21 

10  14  33 

12  10 

34*4 

23  8 

6  16 

13  22 

15  41  57 

17  20 

17*2 

7  9 

If  42 

16  13 

June 

10 

10  21  58 

II  25 

3*'4 

22  I 

5  5 

12  7 

15  36  10 

17  3 

17*0 

5  43 

10  18 

14  5» 

30 

10  32  34 

10  21 

308 

2Q  59 

3  57 

10  53 

15  31  41 

16  51 

i6-6 

4  19 

855 

13  30 

July 

20 

lo  45  33 

9  i 

29*6 

20   I 

i  51 

9  39 

15  29  21 

16  47 

162 

258 

7  34 

12  8 

Aug. 

9 

II  0  9 

7  3^ 

28-8 

19  4 

I  47 

8  28 

15  29  33 

16  53 

15-6 

I  40 

6  16 

10  50 

^9 

II  15  42 

5  54 

28*4 

18  10 

0  44 

7  16 

15  32  19 

17  8 

152 

0  26 

5  0 

9  3* 

Sept. 

18 

II  31  38 

4  12 

28-4 

17  12 

23  38 

6  2 

15  37  28 

17  30 

14-8 

23  14 

3  46 

8  16 

Oct. 

8 

II  47  24 

2  32 

28-6 

16  18 

22  35 

4  50 

15  44  35 

17  58 

14-4 

22  6 

a  35 

7  2 

28 

12  2  23 

0  57  N. 

29*2 

15  21 

21  31 

3  39 

15  53  " 

18  28 

142 

20  59 

I  25 

5  49 

Nov. 

17 

12  15  54 

0  28  S. 

3o'4 

14  23 

20  26 

2  27 

16  2  42 

18  57 

14*0 

19  52 

0  15 

4  36 

Dec. 

7 

12  27  II 

«  37 

3r8 

13  21 

'2't 

I  13 

16  12  32 

19  25 

14*0 

18  42 

^3  3 

3  24 

27 

12  35  23 

2  24  S. 

336 

12  17 

18  8 

0  0 

16  22  3 

19  48  S. 

14-2 

17  36 

21  54 

2  10 

Uranus 

(y). 

Neptune  (t|r). 

Jan.   I 

14  50  52 

19  23  S. 

3*5 

16  31 

20  52 

I  II 

5  9  38 

21 

30  N. 

27 

2  17 

10  22 

18^5 

31 

15  45  37 

19  38 

3-6 

14  40 

18  59 

23  16 

570 

21 

28 

2-6 

0  18 

8  22 

16  24 

Mar.  2 

15  47  30 

19  44 

37 

12  47 

17  3 

21  20 

5  ^  n 

21 

29 

2-6 

22  19 

6  23 

14  26 

Apr.   I 

15  46  0 

19  39 

3'7 

10  44 

'5  3 

19  20 

5  7  36 

21 

32 

2-6 

20  21 

4  26 

12  29 

May   I 

15  4'  57 

19  26 

3-8 

8  41 

13  I 

17  19 

5  >o  51 

21 

37 

2*5 

18  22 

2  32 

10  36 

3« 

15  36  52 

19  9 

3-8 

6  36 

10  58 

15  18 

5  »5  47 

21 

43 

25 

16  32 

0  38 

8  42 

June  30 

15  32  38 

18  55 

37 

4  33 

8  56 

13  17 

5  20  3 

21 

48 

2-5 

H  34 

22  41 

6  46 

July  30 

15  30  46 

18  49  . 

37 

2  32 

6  56 

II  18 

5  24  15 

21 

51 

25 

12  40 

20  47 

4  52 

Aug.  29 

15  3'  58 

18  54 

3-6 

0  35 

4  59 

9  22 

5  27  3 

21 

53 

2-6 

10  45 

18  52 

2  57 

Sept.  28 

«5  36  9 

19  9 

3*5 

22  44 

3  6 

7  26 

5  27  53 

21 

52 

2-6 

8  48 

16  55 

I  0 

Oct.  28 

15  42  36 

19  31 

3*5 

20  54 

I  14 

5  31 

5  26  37!  21 

50 

2-6 

6  49 

14  56 

23  I 

Nov.  2715  50  II 

'9  54^ 

3*4 

19  4 

23  20 

3  36 

5  23  40)  21 

47 

27 

4  48 

12  55 

21  0 

Dec.  27J15  57  30 

20  18  S. 

3*4 

17  14 

21  29 

I  42 

5  20  5  21 

44  N. 

27 

2  47 

10  53 

18  57 

Ceres. 

Pallas. 

• 

1897. 

R.A. 

Noon. 

Dec. 
Noon. 

Transits. 

1897. 

R.A. 
Noon. 

Dec. 
Noon. 

Transits. 

b  m 

0  1 

b  m 

b  m 

0  1 

b  m 

Sept.  19  ... 

6  20 

21  55 N. 

18  23 

Aug.  14  ... 

2  41 

2  55  S. 

17     6 

Oct.  13  ... 

6  42 

22  35 

17  10 

Sept.  7  ... 

2  53 

8  20 

15  43 

Nov.  6  ... 

6  52 

23  40 

15  45 

Oct.  I  ... 

2  52 

»5  30 

14  8 

30  - 

6  46 

25  24 

H  5 

25  ... 

2  38 

22  25 

12  19 

Dec.  24  ... 

6  25 

27  27 N. 

12  9 

Nov.  18  ... 

2  19 

26  24 

10  26 

Deo.  12  ... 

2  8 

26  30  S. 

841 

Juno. 

Vesta. 

Nov.  6  ... 

30  ... 

Dec.  24  ... 

12  25 

12  56 

13  23 

2   2S. 

4  19 

5  52 

21  19 
20  16 
19  8 

Nov.  6  ... 

30  ... 

Dec.  24  ... 

12  31 

13  «3 
13  53 

2  12  N. 
I  35S. 
4  47  S. 

21  25 
20  32 
19  38 

The  times  of  rising  and  setting  correspond  to  tbe  adjacent  transit,  irrespective  of  tbe  day  given  in 
tbe  first  column. 
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Eclipses. 


ECLIPSES  IN  1897. 

In  the  year  1897  there  will  be  two  Eclipses,  both  of  the  Sun« 


I. — An  Annular  Eclipse  of  the  Sun^  1897,  February  i. 

Invisible  at  Greenwich.  The  path  of  the  annulus  during  the  Eclipse  lies 
almost  wholly  in  the  South  Pacific.  Starting  from  a  point  to  the  north-west  of 
New  Zealand,  and  just  touching  the  north  point  of  the  island,  it  crosses  the 
Ocean  to  New  Granada  and  Venezuela,  and  at  Trinidad  the  setting  Sun  is 
seen  annularly  eclipsed.  The  Eclipse  will  be  seen  as  partial  at  South  American 
and  Mexican  observatories. 

Greenwich  M.T.  of  rf  in  E.A. :  Feb.  i*  8»»  6°»  4i«*6. 

d       1^    ™  O         <  O        i 

Eclipse  begins  ...  Feb.  i     5  23*0   G.M.T.  m  Long.  176  31  W.,  Lat.  28     6  S. 
Eclipse  ends Feb.  i  11     7*8  77  59  W.,  14  42  N. 


n. — An  Annular  Eclipse  of  the  Sun^  1897,  July  29. 

Invisible  at  Greenwich.  The  line  of  central  Eclipse  on  this  occasion  also  lies 
almost  entirely  in  the  Ocean.  Beginning  in  the  Pacific,  it  crosses  Mexico  and 
Cuba,  and  continues  its  course  in  the  South  Atlantic.  The  Eclipse  will  be  seen 
as  partial  over  almost  the  whole  of  North  and  South  America  and  from  the 
wesjt  coast  of  Africa.    The  Sun  will  be  seen  eclipsed  annularly  from  Antigua. 

Greenwich  M.T.  of  d  in  BA. :  July  29*  3*^  59"  5o"'5. 

d  h  m  o     ,  o     / 

Eclipse  begins July  29  i     2*3  in  Long.  109  52  W.,  Lat.  17     o  N. 

Eclipse  ends   July  29  6  52*1  19     3  W.,  21   32  S. 


There  will  he  a  Total  Eclipse  of  the  Sun  on  1898,  Jan,  21. 

Invisible  at  Greenwich.  The  centre  of  the  shadow  after  crossing  Central 
Africa  and  the  Indian  Ocean  reaches  the  Continent  of  Asia  at  a  point  south 
of  Bombay,  near  Bajapur,  where  tbe  duration  of  totality  is  about  122  seconds. 
Leaving  this  in  a  north-easterly  direction,  the  central  line  crosses  Mt.  Everest, 
goes  through  China,  and  ends  in  Russian  Asia.  Towns  near  the  line  of  central 
Eclipse  are  Nagpur  and  Benares,  where  the  duration  of  totality  is  78  and  104 
seconds  respectively.  The  Eclipse  will  happen  at  these  places  about  one  hour 
after  noon  on  January  22  (local). 

Greenwich  M.T.  of  d  in  'B^-^-  •  Jan-  2 1**  19*"  37™  27"'-2. 
O's  and  (C's  E.A.  2o»»  i8°»  32"-86.        Hourly  motion  io"-52  and  i47*73- 


O        i       II 

O's  Declination 19  38  39*9S. 

> 's  Declination 19     6  26'9S. 

0's  Equat. Hor. Parallax  899 

J's  Equat.  Hor.  Parallax        60  11*65 

d   h  ra 


u 


Hourly  motion    o  34*  5  N. 

Hourly  motion    11   34*0  N. 

True  Semidiameter...  16  14*83 
True  Semidiameter ...  16  24*30 


Central  Eclipse  begins  Jan.  21  1 7  48*9  G.M.T.  in  Long.      9  46  E.,  Lat.  11   1 4  N. 
Central  Eclipse  ends    Jan.  21  20  49*8  G.M.T.  in  Long.  119    9  B.,  Lat.  45  47  N. 
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OCCULTATIONS,  1897.     (Visible  at  Greenwich.)         [No.  2 


Star. 


0' Aquarii   

B.A.C.  7986   ... 
B.A.C.  7993   ... 

19  Tauri 

20  Tauri 

e  Qeminoruiu... 
p^  Leonis 


75  VirginiB 

D.M.-15O3715 
0  Sagittarii 


26  Arietis  

X  Tauri  (ist  »). 
37  Geminorum . 
48  Geminorum . 

d  Gancri 

B.A.O.  3029  ... 

18  Leonid   

35  Sext  (2nd  *) 
B.A.O.  3873  ... 
B.A.O.  4201   ... 

q  Virginia  

43  Ophiuchi  ... 


19  Tauri 

i8Tauri 

e  Geminorum... 

p^  Leoiiis    

D.M.— io°357o 

4  Scorpii 

B.A.O.  6562  ... 


JALcLIo ............ 

48  Geminorum . 
B.A.O.  3029  ... 

18  Leonis   

B  Leonis    

35  Sext.  (2nd  *) 
B.A.O.  4201   ... 

J  Virginia  

D.M.-i3°3692 
X  Sagittarii  ... 
<T  Sagittarii    ... 


D.M.+260  783 
CO  Geminorum  , 
B.A.O.  3270  ... 
p^  Leonis 


D.M.— 10*3570 

tr  Scorpii  

B.A.O.  5792  ... 
B.A.O.  6194  ... 
B.A.O.  7986  ... 


6-5 

5-8 

6-5 

4*4 
4-0 

3-2 

57 

57 
6.5 

3*3 


6-1 

57 
6-2 

5-8 

4*3 

6-5 
61 

61 

6*2 

6*3 

57 
5-6 


4*4 
6-3 

3*2 

57 
6*o 

5*5 
6-3 


Disap. 


5-8 

6-5 
61 

var. 

6-1 

6-3 

57 
6-5 

var. 
2*3 


6-5 
5-3 
6-5 
57 
60 

31 
6-3 

47 
5-8 


M.T. 


h 

5 
4 
5 


m 

16 

38 


I?  30 
13  58 


19 

J7 


6 

53 


12  44 

16  46 

17  32t 


9 
15 

7 
16 

7 
12 

II 

H 

7 

15 
18 

15 


53 
3 
37 
3a 
14 
54 
56 
57 
45 

n 

33 

40* 


4  53 

5  H 

13  49 

ij  26 

"  39 

12  14^ 

16  37 


20  I2t 

9  54 
8  8 

7  50 

8  59 

"  39 

"  33 
14  42 

9  53 
14  52 

16  48 


7 
II 

II 
7 
9 
9 

II 

II 


48 

51 

47 

14 

10 

15 
5* 

33 


14  22 


o 

128 

39 
81 

107 

142 

161 

96 

58 
68 

68 


99 
138 

"5 
129 

194 

112 

169 

159 

140 

ISO 
129 

45 


116 
21 
167 
138 
152 
123 

9' 


104 
103 

71 
125 

162 

123 

157 
136 

91 

49 
64 


63 

78 

63 

80 

III 

100 

65 

13 
88 


Beap. 


M.T. 


5 

5 
6 


m 

35 

30 
42 


14  26 

14  30 
19  3ot 
18  50 
12 

30 


13 

^7 
18 


34' 


53 

35+ 

54 

19 

20 

I 


10 

15 

8 

17 
7 

14 
12  46 

«5  51 

8  38 

16  20 

19  3* 
16  23 


57 

2 

14  14 


5 
6 


12 
12 

13 


34 
39 

17 


17  52 


56 

56 

4 

56 


21 

10 
8 

9 

9 
12  44 

12  31 
15  40 
10  51 

15  49 
18  3 


8  38 
12  36t 
12  20 

8  4 
10  18 

10  20 
12  55 

11  48 

15  i3 


o 

163 

247 

209 
242 
209 

222 

330 

3 

354 
288 


233 
218 

265 

263 

203 
307 
257 
270 
277 
279 
285 
331 


216 

310 
221 
294 

277 
276 
247 


260 
295 

349 
301 

265 

303 

271 

278 

335 

309 
268 


307 
309 

350 

35^ 
310 

295 

305 
346 
212 


Date. 


June 

4 
9 

15 

17 
17 
18 

July 
II 
12 

13 
16 

18 

*3 
23 

23 

»3 

*3 

Aug. 

4 

9 
II 

II 

20 

*3 
Sept. 

9 

'4 

15 
18 

18 

Oct. 

3 
8 

8 

12 

13 

13 

13 

13 

«3 

15 
16 

17 
Nov. 

17 
18 

20 

30 

Dec. 

2 

5 
6 

6 
12 

17 


Star. 


0  Oancri 

g' Virginis  

X  Sagittarii  ., 
<T  Sagittarii  .. 
19  Capricomi., 

21  Oapricorni.. 
B.A.C.  7599  .. 

B.A.O.  5792  .. 
B.A.O.  6194  .. 
X'  Sagittarii  ., 
B.A.O.  7774  .. 

22  Piscium 

17  Tauri 

16  Tauri 

23  Tauri 

fl  Tauri  

28  Tauri 


89  Virginis 

<r  Sagittarii 

19  Oapricorni... 
21  Oapricorni... 
X  Tauri  ( ist  *) . 
(o  Geminorum . . 

B.A.O.  7774  ... 

26  Arietis  

6  Arietis 

125  Tauri    

139  Tauri   


x'  S'agittarii 


A  Piscium 

22  Piscium 

fi  Arietis 

17  Tauri 

23  Tauri 

rj  Tauri  

28  Tauri 

27  Tauri 

125  Tauri  

B.A.O.  2058   ... 
58  Geminorum. 


43  Leonis 
p^  Leonis 


D.M.— 10  3570 
D.M.-  7^5797 


22  Piscium.. 
26  Arietis  .. 

e  Arietis 

66  Arietis  .. 
d'  Oancri  .. 
B.A.O.  4201 


bo 


5-8 

57 
var. 

*'3 

60 

6-3 
6-5 

6-3 

47 

51 
6-2 

5*9 

3-8 

6-5 
4-2 

3-0 

6*2 

5*2 

a3 
60 

6-3 

57 
53 

6*2 

61 
4-6 
4*9 
5*1 

5*1 
47 
5-9 
5-8 
3-8 
4-2 

3*o 
6-2 

3-8 

4*9 
6-5 

61 

6-5 

5'5 
6*o 

6-2 

5*9 
61 

4-6 

61 

59 
6-3 


Disap. 


M.  T.     P. 


h 
II 

9 
II 

12 


m 

II 

14 
o 


12    21 

15  39 

13  42 

8  3 

7  53 

9  21 

12  50 

»3  46 
12  17 

12  42 

12  56 

13  23 

14  17 


8 
6 

7 
10 

13 
'3 


17 
10 

16 

29 
41 
10 


5  55 

18  27 

6  32t 
8  47I 

17  57 


9 
16 

5 
II 


43 

31 

2 

^9 
59 


12  41 

13  25 

14  34 

14  41 

'7  47 

12  51 

16  20 

15  43 
18     4 

16  45 
9  3* 

1  ^5 

14  50 

2  30 

18   28| 
9  26 

13  25 


o 

142 

86 

96 

129 

24 

93 
128 

66 
40 
46 

35 
38 

57 

355 
121 

99 
I2b 

148 

'55 
40 

86 

55 
73 

9 
63 

66 

95 
136 

118 
21 

123 

76 

39 
103 

86 

104 

128 

132 

146 

98 

106 
166 

93 
87 

77 

^7 

35 
122 

131 

67 


*  Star  rising. 
The  angles  (P)  are  reckoned  from 

bottom  of  the 


X  Star  setting.  t  Star  below  horizon, 

the  true  N.  point  in  the  direction  N.,  E.,  S.,  W.,  i.  e,  from 
Moon's  inyerted  image  towards  the  right. 


the 


1897.] 


Occuliaiions,  1897. 
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The  following  "  near  approaches  "  are  also  given  in  the  *  Nautical 
Almanac/  and  are  especially  interesting  to  observers  rather  South 
and  rather  North  of  Greenwich  respectively : — 

North  Near  Approaches, 


Date. 


Jau. 

13 

17 
18 

20 
Feb. 

zo 
Mar. 

«3 
16 

22 

May 

16 

19 
June 

16 

July 

10 

*3 


Star. 


i8Tauri    

D.M.4-2fi78o 

/i^  Caocri    

A  Leonis    


D.M.-1 3^3692 

D.M.-f23''i78o 

A  Leonis    

TT  Scorpii   


B.A.C.  5347  ... 
X  Sagittarii   ... 

B.A.C.  6850  ... 

B.A.C.  5347  ... 
20  Tauri     


Mag. 

G.M.T. 

Angle. 

Date. 

h  m 

0 

Aug. 

6-3 

14    0 

355 

6 

6-1 

>9  34 

17 

10 

5^ 

5   " 

10 

Sept. 

4-6 

12  32 

33 

6 
6 

6-5 

>5  23 

32 

It 

19 

61 

14  41 

>9 

Oct. 

4-6 

7  14 

29 

3 

31 

14  II 

17 

13 

30 

5-8 

14  10 

8 

Nov. 

51 

13  32 

348 

28 
30 

6-5 

13  52 

340 

Dec. 

7 

5*8 

9  *4 

10 

17 

4-0 

13  «5 

343 

Star. 


b  Scorpii  .... 
B.A.O.  6850  . 

53  Sagittarii  . 
B.A.C.  6727  . 
22  Pisciiim.... 
e  Geminor .... 

X^  Sagittarii  . 
1 6  Tauri  .... 
B.A.C.  6490  . 

V  Capricorni  . 
p  Aquarii  .... 

27  Tauri 

q  Virginia  .... 


Mag. 

G.M.T. 

Angle. 

h  m 

0 

4-8 
6-5 

10  12 
8  3* 

6 
3 

6-2 
6-2 

59 
3* 

7  317 

7  38 

7     8 

'3  54 

344 

343 

332 
I 

6*5 

57 

7  40 

"  35 

4  29 

340 

341 
346 

5*3 
5*4 

5  20 
2  54 

332 
331 

3-8 
57 

2  47 
17     4 

346 

34 

i 

South  Near  Approaches. 


Jan. 

13 

'4 

Feb. 

16 
Mar. 

9 
May 
16 

17 

July 

u 

22 

^3 


16  Tauri     

X Tauri  (1st*) 

B  Leonis    

ao  Tauri     

4  Scorpii    

43  Opbiuclii  .. 

43  Opbiuchi  .. 

6  Arietis 

27  Tauri 


h  m 

0 

Aug. 

<>-5 
57 

13  45 
4  38 

175 
163 

12 
Oct. 

12 

Var 

13  12 

213 

19 

Nov. 

40 

5  47 

167 

9 

5'5 

8  32 

199 

13 
Dec. 

5-6 

17  21 

174 

10 
14 

5-6 
4-6 

13  42 

H  47 

>73 
156 

18 
26 

3-8 

H  33 

161 

B.A.C.    7599... 

6-5 

h  m 
8  40 

0 
154 

e  Arietis     

0^  (Jancri    

4-6 
5-6 

15  47 
>3     I 

165 
196 

66  Arietis  

B.A.C.  2238  ... 

61 
6-5 

II  21 
8  16 

161 

182 

B.A.C.  2238  ... 
B.A.C.  3398  ... 
69  Virginis    ... 
29  Capricorni . . 

6-5 
60 

4*9 
5'5 

16  20 

9  10 

18  23 

7     a 

198 
200 
21 1 

151 

Apparent  Disk  of  Mars,  1897. 


Aug.  29  0*981 

Sept.  28  o'992 

Oct.    28  o'999 

Nov.  27  1000 

Dec.   27  o"997 

The  numbers  in  this  table  are  the  versed  sines  of  the  illuminated  disk,  the 
apparent  diameter  of  the  planet  being  taken  as  unity. 


Jan.     I  ... 

...  0:978 

31  ... 

...  0*926 

Mar.    2  ... 

...  0*901 

April    I   ... 

...  0*900 

May  I  0*912 

May  31  0*929 

June  30  0948 

July  30  0*965 


Mars  not  being  in  opposition  during  the  year  1897,  the  satellites  will  not  be  visible* 
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Jupiter's  Satellitet,  1897. 


[No.  248. 


JUPITER'S  SATELLITES,  1897. 
Plxonomena.. 


*,  Signifies  Eo.  dis. ;  E,  Eo.  re.;  o,  Occ.  dis. ;  O,  Ooc.  re. ;  <,  Tr.  Ing. ;  T,  Tr.  Egr. 
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Januari/, 

d  h  m 

1  16  42  i.  e. 
17  10  ii.  e. 
zo  2  i.  O. 
22  10  ii.  O. 

2  14  57  i.  t 
17  16  i.  T. 

3  II  10  i.  «. 

13  51  ii.  t 

14  29  i.  O. 

16  42  ii.  T. 

17  27  iii.  t. 

20  57  iii.  T. 

4  9  24  i.  t. 
II  44  i.  T. 

5  5  38  i.  e. 
6  29  ii.  e. 
8  56  i.  O. 

11  22  ii.  O. 

6  3  51  i.  ^• 
6  II  i.T. 

8  10  ir.  «. 

12  41  iT.  E. 
17  42  iy.  o. 

21  57  iv.  O. 

7  o  7  i. «. 
3  2  ii.  ^. 
3  19  iii.  e. 
3  22  i.  O. 

5  52  "•  T. 

6  47  iii.  E. 

7  15  iii.  0. 


xo  44 

22  18 

o  37 

18  35 

19  46 
21  49 

9  o  34 
16  45 

19  4 

lo  13  3 

16  12 

)6  16 

19   2 
21 
II   O 


I 

30 


II  II 

13  31 


7 
9 


31 
5 


10  42 

13  45^ 

5  38 
758 


u.  O. 

t. 

T. 

e, 
e. 

O. 
O. 

i. 
.  T. 
.  «. 
i.  t. 
.  O. 
i.T. 
ii.  t. 

i.T. 

Jf. 

T. 

«. 
e, 

O. 
O. 

^. 

T. 


Jan. 
d  h 


14 


15 


16 


18 


2 

5 

5 

7 
8 

10 

10 

14 

13 
o 

2 

4 
20 

22 

23 

2 

18 
20 
17  14 
18 
18 
21 
o 

3 
12 

15 

9 
II 

12 

16 

7 
9 

3 
6 

7 
10 

II 

>7 
I 

4 
22 

o 

I 

2 

5 

6 

9 

20 

22 
24  16 

19 

20 

23 


19 


20 


21 


22 


^3 


(con.). 

m 

o  i.  e. 
9  i.  O. 

21  ii.  t 
16  iii.  «. 

12  ii.  T. 

43  iii.  E. 

46  iii.  0. 
14  iii.  O. 

59  iv»  ^• 

5  i.  t. 

24  i.  T. 

1 3  iv.  T. 
28  i.  e. 

22  ii.  e, 

35  i-  O. 
56  ii.  O. 
32  i.  t 
51  i.T. 
56  i.  e. 

2  i.  O. 
31  ii.  t. 
21  ii.  T. 
30  iii.  t. 
59  iii.  T. 

58  i.  t 
iS   i.T. 

25  i.  e. 

41  ii.  e. 

28  i.  O. 

6  ii.  O. 
25  i.  t 

44  i.  T. 

53  >•  ^• 

54  i-  O. 

39  ii.  t, 

29  ii.  T. 
13  iii.  e. 

40  iii.  O. 
51  i.  t 
10  i.  T. 
21  i.  e. 

59  ii.  e. 
21  i.  O. 

9  iy.  «. 
16  ii.  O. 
38  iv.E. 

o  iv.  0. 
12  iv.  O. 
18  i.  t. 

36  i.  T. 
50  i.  e. 

47  »•  O. 

47  ii.  t. 
38  ii.  T. 


Jan. 
d  h 


^5 


26 


27 
28 


29 

30 


31 


3 
4 


3 
7 

H 
17 
II 

H 

14 
18 

9 
II 

5 
8 

9 
12 

15 
21 

3 

5 
o 

•  3 
3 
7 

22 

o 

14 
18 

19 
21 

23 


(con.). 

m 

56  iii.  t. 

24  iii.  T. 

44  i.  t 
3  i.T. 

18  i.  e. 
13  i.  O. 
1 8  ii.  e. 

25  ii.  O. 

10  i.  t 
29  i.  T. 
46  i.  e. 
39  i-  O. 

55  ii-  ^• 

45  ii.  T. 

11  iii.  e, 
3  iii.  O. 

37  i-  ^. 

56  i.  T. 

15  i.  e. 
5   i.  O. 

35  "•  «■ 
34  ii.  O. 

3  i.  t. 
22  i.  T. 
51  iv.  t 

43  i-  <?• 

4  iv.  T. 

31  i-  O. 

2  ii.  t. 


February. 


I 

7 
10 

16 

18 

>3 

>5 

16 

20 
10 

13 

7 
10 

12 
14 

«9 

o 

5 

7 

2 

4 
6 


52  ii.  T. 
1 7  iii.  ^. 
45  iii.  T. 
29  i.  t. 

48  i.  T. 

11  i.  e. 
57  i.  O. 

54  ii-  ^• 
42  ii.  O. 

55  i-^- 
14  i.  T. 

40  i.  e, 

23  i.  0. 

9  ii.  t. 
59  ii.T. 
10  iii.  e. 
23  iii.  O. 
21  i.  t. 
40  i.  T. 

8  i.  e. 

49  i.  O. 

12  ii.  e. 
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II 


Feb. 

d  h 

6  9 

13 

7  a 
20 

23 

8  I 

4 
10 

14 
18 

20 

20 

9  3 
15 

17 

19 

22 

12 

H 

9 
12 

H 
»7 
23 
3 
7 
9 
4 
6 

8 

12 
I 

3 

22 

O 

3 
6 

13 

17 

19 
22 

16 

19 
22 

I 

5 

9 

14 
16 

II 

13 
16 

19 
19  3 


12 


13 


14 


>5 


16 


17 


18 


(con.). 

m 

51  ii.  O. 

47  i-  t- 
6  i.T. 

36  i.  e. 

15  i.  O. 

16  ii.  t 

6  ii.  T. 

35  iii.  t 

4  iii.  T. 
13  i.  ^. 

9  iv.  e. 

32  i.  T. 
43  i^O. 

5  i.  e. 
41  i.  O. 

30  ii.  e. 
59  ii.  O. 

39  i.  ^• 

58  i.  T. 

33  i.  e. 

7  i.O. 

23  ii.  t. 

13  ii.T. 

41  iii.  O. 

5  i.  t. 

24  i.  T. 
2  i.  e. 

33  i.  O. 

48  ii.  e. 

6  ii.  O. 

31  i.  ^. 
50  i.  T. 
30  i.  e. 

59  i-  O. 

29  ii.  t. 

20  ii.  T. 

52  iii.  t 

21  iii.T. 

57  i.  t- 
16  i.T. 

59  i.  «• 

25  i.  O. 

7  ii.  e. 

14  ii.  O. 

8  iv.  t. 
23  iv.  T. 
23  i.  t. 

42  i.T. 
27  i.  e. 
50  i.  O. 

36  ii.  t. 

26  ii.  T. 

6.. . 
111.  e. 


Feb. 
d  h 


19 


20 


21 


22 


6 

8 

II 

5 
8 

II 

14 

3 

5 
o 

2 

5 
8 

17 
20 

21 

o 

18 

21 

o 

3 
16 

18 

25  13 

'3 

'5 

18 

18 
21 
6 

10 
10 
12 

7 
10 

13 
16 

4 
7 


*3 


24 


26 


27 


28 


(con.). 

m 

57  iii.  O. 

49  i.  t. 

8  i.T. 

55  i-  «• 
16  i.  O. 

24  ii.  e. 

22  ii.  O. 

15  i.  ^. 

H  i.  T. 
24  i.  e. 
42  i.  O. 

42  ii.  t 
33ii.T. 

7  111.  t. 
37  iii.  T. 
41  i.  t. 

o  i.T. 
49  i.  0. 

8  i.O. 

39  ii.  0. 
31  ii.  E. 
7  i.  ^. 
26  i.  T. 
15  i.O. 
36  iv.  0. 

35  i.  E. 
3 1  iv.  E. 
49  ii.  t. 
39  ii.  T. 

43  iii.  »• 
30  iii.  E. 

33  i.  i- 
52  i.  T. 

41  i.  0. 

4  i.  E. 

46  ii.  0. 

49  ii.  E. 

59  i.  t. 
18  i.  T. 


March. 

2  7  i.  0. 

4  3*  i.  E. 

7  55  ii-  ^• 

10  46  ii.T. 

20  23  iii.  t. 

23  25  i.  ^. 

23  54  iii.T. 

1  44  i.  T. 
20  32  i.  0. 
23  I  i.  E. 

2  54  ii.  0. 
6  7  ii.  E. 


Mar.  (con.). 

d  h  m 

3  17  5» 

20  10 

4  14  58 
17  29 

21  2 

*3  53 

5  9  59 
12  16 

14  28 

H  35 
19  14 


23 

9 
II 

16 


7 
8 


10 


II 


12 


»3 


H 


15 


33 

24 

58 

I 


19  25 
6  43 

9  a 


3 
6 

10 
13 


50 
26 

9 
o 


2J  40 

I  9 


3 

3 
22 

o 
5 


II 
28 
16 

55 
9 


8  43 

»9  35 
21  54 

16  43 

19  23 


^3 

2 

»3 


16 

7 
16 

I 


16  21 
18  25 


II 

13 
18 

22 
3 

8 
8 


9 

5* 

17 
o 

46 

8 

II 


8  28 
10  47 
12  28 

5  35 
8  21 

12  24 

15  16 


1897.] 
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13 


Mar.  (con.). 

d  h  m 

16  2  54  i.  t 

2  59  iii.  t. 

5  13  i.  T. 

6  31  iii.  T. 

j;  0  I  i.  o. 

2  49  i.  E. 

7  26  ii.  0. 

11  19  ii.  E. 
21  20  i.  ^. 
23  39  i.  T. 

18  18  27  i.  0. 

21  18  i.^E. 

19  I  31  ii.  t. 
423  u.T. 

15  47  i.  t. 

16  35  iii.  o. 

18  6  i.  T. 

22  24  iii.  E. 

20  12  54  i.  0. 

15  46  i.  E. 
20  35  ii.  o. 

II  0  37  ii.  E. 

10  13  i.  t. 

12  32  i.  T. 
w  7  20  i.  0. 

9  39  !▼.  ^. 

10  15  i.  E. 

14  4  iv.  T. 

14  41  ii.  t. 

17  32  ii.  T. 

^3  4  39  i-  i- 

6  20  iii.  t. 

6  59  i.  T. 

9  52  iii.T. 

*4  I  47  i.  o. 

4  44  i.  E. 

9  44  ii.  0. 

»3  55  ii.-E. 

23  6  i.  t. 

25  I  25  i.  T. 
10  13  i.  o. 
23  12  i.  B. 

26  3  49  ii.  t. 
6  41  ii.  T. 

17  32  i.  t. 

19  52  i.  T. 
19  58  iii.o. 

27  2  23  iii.E. 
14  39  i.  0. 

17  41  i.  E. 
i2  53  ii.  0. 

i8  3  13  ii.E. 

ii  59  i.  t 

H   18  i.  T. 

^9  9  6  i.  o. 

12  9  i.  E. 

16  59  ii.  t, 

19  51  ii.T. 

30  6  26  i.  t. 

8  45  i.  T. 

9  44  iii.  ^. 

13  18  iii.T. 

18  28  iy.  0, 
22  56  iv.  O. 


Mar,  (con.). 

d  h  m 

31  2  13  ir.  e, 

3  33  i-  o- 

6  26  iy.  E. 

6  38  i.  E. 

12  4  ii.  0. 
j6  31  ii.  E. 

April. 

X  o  53  i.  ^. 

3  12  i.  T. 

22  o  i.  0. 

2  X  7  i.  E. 
6  9  ii.  t. 
9  I  ii.  T. 

19  19  i.  t. 

21  38  i.  T. 

23  26  iii.  o. 

3  2  59  iii.  O. 
2  59  iii.  e. 
6  21  iii.  E. 

16  26  i.  0. 

19  35  i.  E. 

4  I  14.  ii.  0. 
5  49  ii.  E. 

13  46  i.  t 
16  5  i.  T. 

5  10  53  i.  0. 

14  4  i.  E. 
19  20  ii.  t. 

22  12  ii.  T. 

6  8  13  i.  t. 

10  32  i.  T. 
13  13  iii.  t. 

16  47  iii.T. 

7  5  20  i.  0. 
8  33  i.  E. 

X4  25  ii.  0, 

19  7  ii.  E. 

8  o  44  iv.  t. 
2  40  i.  t 
5  o  i.  T. 

5  14  iy.  T. 

23  47  i.  0. 

9  3  I  i.  E. 
8  31  ii.  t. 

11  23  ii.T. 
21  8  i.  t 
23  27  i.  T. 

10  2  57  iii.  0. 

6  31  iii.O. 
6  59  iii.  e. 

10  20  iii.  E. 

18  15  i.  0. 

21  30  i.  E. 

11  3  37  ii.  0, 
8  25  ii.  E. 

15  35  i.  If. 

17  54  i.  T. 

12  12  42  i.  0. 

15  59  i-E. 

21  43  ii.  t. 

13  o  35  ii.T. 
10  2  i.  t 


Apr,  (con.). 

d  h  m 

13  12  21  i.  T. 
16  46  iii.  t. 

20  21  iii.T. 

14  7  9  i.  0. 
10  28  i.  E. 

16  49  ii.  0. 

21  43  ii.  E. 

15  4  29  i.  t. 
6  48  i.  T. 

16  I  36  i.  0. 
4  56  i.  E. 
9  59  iy.  0. 

10  55  ii.  t. 

13  48  ii.T. 

14  31  iv.  O. 
20  15  iv.  e. 

22  56  i.  t. 

17  o  24  iv.  E. 
I  16  i.  T. 
6  32  iii.  0. 

10  7  iii.O. 

10  58  iii.  e. 
14  19  iii.  E. 
20  4  i.  0. 

23  25  i.  E. 

18  6  2  ii.  0. 

11  o  ii.  E. 

17  24  i.  t. 

19  43  i.  T. 

19  14  31  i.  o. 

17  54  i.  E. 

20  o  8  ii.  t. 
3  I  ii.T. 

11  51  i.  ^. 
14  II  i.  T. 

20  25  iii.  t 

•  •  •  rrx 

21  o  o  m.  T. 
8  59  i.  o, 

12  22  i.  E. 
19  15  ii.  0. 

22  o  18  ii.E. 
6  19  i.  t. 
8  38  i.  T. 

23  3  26  i.  0. 
6  51  i.  E. 

13  22  ii.  t. 
16  15  ii.T. 

24  o  47  i.  t 
3  6  i.  T. 

10  12  iii.  0. 

13  46  iii.O. 

14  57  iii.  e. 
16  43  iv.  t 

18  17  iii.  E. 

21  16  iv.  T. 
21  54  i.  0. 

25  I  20  i.  E. 
8  29  ii.  o. 

13  36  ii.  E. 

19  14  i.  t. 
21  34  i.  T. 

26  16  22  i.  0, 
19  49  i.  E. 

27  2  36  ii.  t. 


27 


28 


Apr. 

d  h 

5 

13 
16 

o 

3 
10 

21 

2 

8 

10 

5 
8 

15 

18 


29 


30 


(con.). 

m 

29  u.T. 
42  i.  t. 

2  i.  T. 
7  m.  t. 

42  iii.  T. 

50  i.  0. 

17  i.  E. 

43  ii.  0, 
£4  ii.  E. 
10  i.  t. 

30  i.  T. 

18  i.  0. 
46  i.  E. 

51  ii.  t. 
44ii.T. 


May, 

1  2  38  i.  t. 

4  57  i.  T. 

13  57  iii.O. 

17  32  iii.  O. 

18  56  iii.  e. 

22  16  iii.E. 

23  46  i.  0. 

2  3  1 5  i.  E. 
10  58  ii.  0. 

16  II  ii.  E. 
21  6  i.  ^. 
23  25  i.  T. 

3  2  28  iv.  o, 
7  4  iv.  O. 

14  19  iv. «. 
18  14  i.  0, 
18  22  iv.  E. 
21  44  i.  E. 

4  5  6  ii.  ^. 
7  59  ii.  T. 

15  34  i.  t. 

17  53  i.  T. 

5  3  54  iii-  *- 
7  30  iii.  T. 

12  42  i.  0. 

16  12  i.  E. 

6  o  1 3  ii.  0. 

5  29  ii.  E. 
10  2  i.  t. 

12  22  i.  T. 

7  7  10  i.  0. 
10  41  i.  E. 

18  22  ii.  t. 
21  15  ii.  T. 

8  4  30  i.  t. 

6  50  i.  T. 

17  46  iii.  0. 

21  22  iii.O. 

22  56  iii.  e, 

9  I  38  i.  0. 

2  15  iii.  E. 

5  10  i.  E. 

13  29  ii.  0. 

18  47  ii.E. 
22  59  i.  t. 

10  I  18  i.  T. 


May  (con.). 

d  h  m 

10  20  7  i.  0. 
23  39  i.  E. 

11  7  39  ii.  t. 
9  40  iv.  t. 

10  32  ii.  T. 
14  15  iv.  T. 

17  27  i.  t. 

19  46  i.  T. 

12  7  45  iii.  t. 

11  21  iii.T. 
14  35  i.  0. 

18  7  i.  E. 

13  2  46  ii.  0. 
8  5  ii.E. 

11  55  i.  t. 

14  15  i.  T. 

14  9  4  i.  0, 

12  36  i.  E. 

20  56  ii.  t, 
23  49  ii.T. 

15  6  24  i.  t, 
8  43  i.  T. 

2 1  40  iii.  0. 

16  I  16  iii.  O. 

2  56  iii.  e. 

3  32  i.  0, 

6  14  iii.E. 

7  5  i.  E. 
16  2  ii.  0. 

21  22  ii.E. 

17  o  52  i.  t, 
3  12  i.  T. 

22  I  i.  0. 

18  I  34  i.  E. 
10  14  ii.  t. 

13  7  ii.T. 

19  21  i.  i. 
21  40  i.  T. 

19  II  40  iii.  t. 

15  16  iii.T. 

16  30  i.  0. 

19  55  iv.  0, 

20  3  i.  E. 

20  o  32  iv.  O. 
5  20  ii.  0. 

8  22  vv.e, 
10  40  ii.  E. 

12  19  iv.  E. 

13  49  i.  t. 
16  9  i.  T. 

21  10  58  i.  0. 

14  31  i.  E. 

23  32  ii.  t. 

22  2  25  ii  T. 

8  18  i.  t 
10  38  i.  T. 

23  I  38  iii.O. 
5  14  iii.  O. 

5  27  i.  0, 

6  56  iii.  e. 

9  o  i.  E. 
10  13  iii.E. 
18  38  ii.  0, 
23  57  ii.  E. 


24 


2S 


26 


May  (con. 

d  h  m 

2  47  i. 
5  6  i. 

23  56  i. 

3  ^9  >• 

12  51  ii. 

15  44  ii. 

21  16  i.  I 

23  35  i. 

15  40  iii 

18  25  i.4 

19  15  iii, 
21  sS  i. . 

7  56  ii. 

13  15  ii. 

15  45  i-i 
18  41. 

3  31  iv. 

8  7  iy, 

12  54  i.  4 

16  26  i.  \ 
2  10  ii. 
5  3  ii. 

10  13  i.  < 

12  33  i. ' 

5  40  iii, 

7  23  i.  < 

9  15  iii 
10  55  i. ; 
10  56  iii, 

14  13  iii 
21  14  ii. 

2  32  ii. 


27 


28 


29 


30 


31 


4  42  1.  i 

7   2  i.  ' 


June, 


I 

I  52  1. 

5  »4  i- 

15  30  ii. 

18  23  ii. 

23  II  i. 

2 

I  31  i. 

19  43  iii 

20  21  i. 

A   •  •  • 

23  18  111 

23  53  i. 

3 

10  33  ii. 

15  49  ii. 

17  40  L 

20  0  i. 

4 

14  50  i. 

18  22  i. 

5 

4  50  ii. 

7  42  ii. 

12  9  i. 

14  13  iv- 

14  29  i. ' 

18  49  iv, 

6 

2  25  iv. 

6  17  iv. 

9  19  i.< 

9  45  iii 

tx  ^0  \. 

14 

June  (eon.)- 

d  h  m 

6  13  20  iii.  O. 
14  55  iii.  0. 
18  II  iii.  £. 
23  52  ii.  0. 

7  5  7  ii.  E. 

6  38  i.  t. 
%  58  i.  T. 

8  3  49  \.o. 

7  19  i  E. 
18  II  ii.  t. 
21  4  ii.  T. 

9  I  8  L  ^ 
3  27  i.  T. 

22  18  \.0. 

23  50  iii.^. 

10  I  48  i.  £. 
3  25  iii.  T. 

13  12  ii.  0. 

18  24  ii.  E. 

19  37  i.  t. 

21  56  i.  T. 

11  16  47  i.  0. 
zo  17  i.  B. 

12  7  31  ii.  ^. 
10  24  ii.  T. 

14  6  i.  t, 

16  26  i.T. 

13  II  17  i.o. 

13  53  iii.  0. 

14  46  i.  E. 

17  28  iii.  O. 

18  55  iii.«. 

22  9  iv.  t. 

22  10  iii.  E. 

14  2  32  ii.  0, 
3  44  iv.  T. 

7  41  ii.  E. 

8  36  i.  t, 

10  55 ^.T. 

15  5  46  i.  0. 

9  14  i.  E. 

20  53  ii.  t. 

23  46  ii.  T. 

16  3  51.  t, 
5  24  i.  T. 

17  o  16  i.  0. 
3  43  i*  E. 

3  59  "»•  ^• 

7  36  iii.T. 

15  52  ii.  0. 

20  59  ii.  E. 

21  34  i.  t. 
23  54  i.  T. 

18  18  45  i.  0. 

22  12  L  £. 

19  10  14  ii.  t. 
n  7  ii.T. 

16  4  i.  t. 
18  23  i.  T. 

10  13  15  i.o. 

16  41  i.  E. 

18   5  HI.  o. 

11  39  iii.  O. 
22  S4  iii.e..] 
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June  (eon.). 

d  h  m 

21  2  9  iii.  E. 

5  13  »•  o- 
10  16  ii.  £. 

10  34  i.  i. 

12  53  i.  T. 

22  7  45  i.  o. 
9  15  iv.  <?. 

11  10  i.  £. 

1 3  48  iv.  O. 
20  28  iv.  e. 
23  37  ii.  t.^ 

23  o  14  iv.  E. 
2  29  ii.T. 

5  3  i-  ^• 

7  22  i.  T. 

Z4  2  14  i.  0. 

5  38  i.  E. 

8  12  iii.  t. 

11  47  iii.T 
18  34  ii.  0. 
23  33  i.  t. 
23  33  ii.  E. 

25  I  52  i.T. 
20  44  i.o. 

26  o  7  i.  E. 

12  59  ii.  t. 

15  51  ii.T. 
18  2  i.  ^. 

20  22  i.  T. 

27  15  14  i.o. 
18  36  i.  E. 
22  19  iii.  0. 

28  I  53  iii.  O. 
2  54  iii.  0. 

6  7  iii.  E. 

7  55  "•  ^' 
12  32  i.  t. 

12  50  ii.E. 

14  51  i.T. 

29  9  44  i.o. 

13  5  I.E. 

30  2  22  ii.  t, 
5  14  ii.T. 
7  2  i.  ^. 

9  21  i.  T. 

17  27  iv.  t. 

21  59  iv.T. 

July, 

1  4  14  i.  0. 

7  33  »•  E. 
12  27  iii.  ^ 

16  I  iii.T. 

21  16  ii.  0. 

2  I  31  i.  U 

2  7  ii.  E. 

3  51  i.  T. 

22  44  i.  0. 

3  2  2  i.  E. 

15  44  ii'  ^• 

18  36  ii.T. 

20  I  i.  t. 

21  21  i.  T. 


July  (con.). 

d  h  m 

4  17  13  i.  0. 
20  31  i.  E. 

5  2  37  iii.  0. 
6  10  iii.  O. 
6  54  iii.^. 

10  7  iii.  E. 
10  38  ii.  o. 

14  31  i.  t. 

15  25  ii.  E. 

16  50  i.  T. 

6  II  43  i.o. 
o  i.  E. 
8  ii.  t. 

0  ii.  T. 

1  i.  t. 

20  i.  T. 
8  6  J  3  i.  0. 

29  i.  E. 
16  45  iii.  t. 
20  18  iii.T. 

o  o  ii.  0. 

30  i.  t. 
42  ii.  E. 
51  iv.  0. 
50  i.  T. 

21  iv.  O. 


July  (con.). 


d 

18 


>9 


>5 

5 
8 

9 
II 

6 
9 


3 

4 
4 
5 
9 


14  31  IV,  e. 
18  10  iv.  E. 

10  o  43  i.  o. 

3  57  i.  E. 

18  31  ii.  ^. 

21  23  ii.T. 

22  o  i  t. 

11  o  19  i.T. 

19  13  i-  ^• 
22  26  i.  E. 

12  6  56  iii.  0. 
10  29  iii.  O. 
10  53  iii.  e. 

13  23  ii.  0. 

14  6  iii.  E. 

16  30  i.  t 

17  59  ii.  E. 

18  49  i.T. 

13  13  43  i.o. 

16  55  i.  E. 

14  7  55  ii.  t. 

10  47  ii.T. 

11  o  i.  ^. 
13  19  i.  T. 

15  8  13  i.o. 
II  24  i.  E. 
21  4  iii.  t 

16  o  37  iii.T. 
2  45  ii.  0. 
5  30  i.  t. 

7  16  ii.  E. 

7  49  i.  T. 

17  2  43  i.  0. 
5  52  i.  E. 

13  16  iv.  t. 

17  43  iv.T. 
21  19  ii.  t 

18  o  o  i.  t. 


23 


h 

o 
2 

21 
o 

II 

>4 

14 
16 

18 

18 

20 
20 

20  15 
18 

21  10 

13 
>3 

'5 

22  JO 

>3 
I 

4 

5 

'  7 

9 

9 

4 

7 
o 

2 

2 

4 
23 

o 

2 

5 
8 

12 

'5 
18 
20 
22 
22 

^3 

27  17 

20 

28  13 

15 
16 

17 

29  12 


24 
»5 


26 


30 


31 


15 

5 
8 

9 

9 
II 
12 

6 

9 


m 

10  ii.T. 

19  i.  T. 

13  i.  0. 
21  I.E. 

17  iii.  0. 
49  iii.  O. 

53  »i-  «• 
7  ii.  0. 

4  ui.  E. 

29  i.  t. 

33  ii.  E. 

49  i.  T. 
43  i.  0. 

50  i.  E. 

43  ii.  t. 
o   i.  t. 

35  ".T. 
19  i.  T. 

14  i.  0. 

18  i.  £. 
26  iii.  ^. 

57  iii.T. 

30  ii.  O. 
30  i.  t, 

49  i.T. 

50  ii.  E. 

44  i'O. 
47  i.  E. 

7  11.  t. 
o  i.  ^. 

58  ii.  T. 

19  i.T. 
14  i.  0. 

54  iv.  0. 
16  i.  E. 

18  iv.O. 

34  iv.  e. 

6  iv.  E. 
40  iii.  0. 

53  ii.  0. 
30  i.  t. 

3  iii.  E. 

49  i.  T. 

7  ii.  E. 

44  i.  0. 

45  i.  E. 
32  ii.  t. 

o  i.  t. 

23  ii.  T. 

19  i.T. 
14  i.  0. 
13  i.  E. 
49  iii.  t. 
16  ii.  0. 

20  iii.  T. 
30  i.  t. 

49  i.  T. 

24  ii.  E. 

45  i-*'. 
42  i.  £. 


August. 

1  2  56  ii.  t. 
4  o  i.  ^. 


d  h 

>  5 
6 

2  I 

4 
20 

21 

22 

3  o 

I 

2 

9 
13 
>9 

22 

4  16 

17 
19 

>9 

14 

17 
10 

II 

II 

13 

"3 

14 
8 

II 

5 
6 

8 


5 

6 


7 
8 


10 


II 


12 


»3 


14 


8 

3 
6 

o 

o 

o 

2 

4 

5 
21 

o 

19 

>9 
21 

21 

21 

1 

2 

6 

16 

J9 
13 

n 

>4 
15 
»7 
18 

10 

13 


(con.). 

m 

47  ii.  T. 

19  i.  T. 
15  i.  o. 
II  i.  K 

4  iii.  o. 

39  ii.  0. 
30  i.  t. 

49  i-  T. 

40  ii.  E. 
o  iii.  E 

28  iv.  t. 

48  iv.T. 

45  i.  0. 
39  i.  E. 

20  ii.  t. 
o  i.  t. 

10  ii.T. 
19  i.T. 

15  i.  0. 
8  i.  E. 

14  iii.  t, 
2  ii.  0. 

30  i.  t. 
43  iii.T. 

49  i.  T. 
57  ii.  E. 

46  i.  0. 
37  i.E. 
42  ii.  t. 

0  i.  t. 

19  i.  T. 
32  ii.  T. 

16  i.  0. 
6  i.  E. 

26  ii.  0. 

29  iii.  0. 

30  i.  t. 

49  i.  T. 
14  ii.  E. 
59  iii.E. 

46  i.  0. 

34  i.  E. 

1  i.  t. 
4  ii.  t. 

18  iv.O. 

20  i.  T. 
53ii.T. 
34  iv.O. 
37  iv.  e. 

2  iv.  E. 

17  i.  0. 

3  i.E. 

31  i.  ^. 

49  ii.  0. 
39  iii.  t. 

50  i.  T. 

31  ii.E. 
8  iii.  T. 

47  i.  0. 

32  i.  E. 


Oct.  (con.). 


d 
»3 


October. 

12  18  37  i.  t. 
20  55  i.  T. 


15 
16 


17 


18 


h 
o 

4 
14 

>5 

18 

19 
14  13 

15 
20 

23 

9 
12 

7 
9 

»7 

4 
6 

7 

9 

2 

2 

4 

5 
8 

10 

II 

12 

22 

I 

20 

22 

3 

7 

17 
18 

20 

o 

15 

17 

23 

2 

II 

14 

9 
II 

16 

20 

6 

9 
II 

H 

4 
6 

12 

15 
o 

3 
16 

19 
22 

o 

5 
9 


19 


20 


21 


22 


23 


^4 


25 


26 


27 


m 

40  iL  «. 

19  ii.  O. 

41  iii.«. 

30  i.  e. 
15  i.  O. 

48  iii.  O 
7  i.  t. 

25  i.T. 

43  ii.  t. 

26  ii.  T. 
58  i.  e. 
45  i.  O. 
37  i-t. 
55  i.  T. 
57  ii.  tf. 

42  ii.  O. 

27  i.  e. 
42  ui.  t. 
15  i.o. 

53  iii.  T. 
7  i.  t. 

44  iv.  e. 
25  i.  T. 
34  iv.  E. 

o  iv.  o. 

7  ii.  ^. 

12  iv.  O. 

50  ii.  T. 

55  i-  «• 

45  1-  O. 
37  i-  <• 
55  i.  T. 

14  ii.  e. 

5  ii.  O. 
24  i.  e. 
39  iii.  e. 

15  i.  O, 
12  iii.  O. 

7  i.t. 
24  i.  T. 
32  ii.  t. 

14  ii.  T. 
52  i. «. 

45  i.  O. 
37  i.  ^. 

54  i.  T. 

31  ii.  0. 

28  ii.  O. 

20  i.  e, 

15  i.  O. 

6  iii.  t. 

14  iii.  T. 

7  i.  t. 
24  i.  T. 

55  ii.  <. 
37  ii.T. 

49  i.  «. 
45  i.  O. 
30  iv.  t. 
28  iv.T. 
37  i.^- 
54  i.  T. 
48  ii.  e. 

51  ii.O. 


1897.] 


Jupiter's  Satellites,  1897. 


Oct.  (con.)- 

d    h    Di 

17  19  17  i.  e. 

22  15  i.  O. 

22  37  iii. «. 
»8    4  33  iii.O. 

17     7  i.  ^. 

19  24  i.  T. 

29    2  20  ii.  ^. 

5     I  ii.T. 

13  46  i.  e, 
16  45  i.O. 
30  1 1  37  i.  t 

13  54  i.  T. 
19  5  ii.  c. 
23  14  ii.  O. 
31    8  141.  c. 

11  15  i.  O. 

15  30  iii.  t. 

18  35  iii.  T. 

Nocmher, 

I    6   6i.<. 
8  23  i.  T. 

IS  43  ii.  t, 
18  24  ii.  T. 
1   2  43  i.  g. 
5  44  i.  0. 

3   0  36i.f. 

»  53  i.  T. 
8  22  ii. «. 

i2  36ii.O. 
20  45  iv. «. 
2»  11  i. «. 


2325 
014 

»35 
426 

5  33 

549 
7    8 


5 


S3 
6 

»3 
7 


8 

19 
21 

5 
7  47 

1539 
1845 

^1336 

'5  52 
2139 


iy.E. 
i.O. 
iii.  e. 
iv.  0. 
iii.  E. 

•  •  • 

UL  0. 

iv.O. 
iiL  O. 
L  t. 
i.T. 
11.  t. 
ii.T. 
i. «. 
i.O. 
i.  t. 
i.T. 
ii.  0. 


10 


Nov, 

d    h 

7  I 
10 

13 

19 

22 

8  8 
10 
18 
21 

9  4 

7 

2 

4 
10 

'5- 

*3 

2 

6 

9 

10 

13 
21 

^3 
7 
10 
12 

>5 

17 
20 

13  15 

17 


II 


12 


H 


15 


16 


17 


18 


o 

4 
12 

15 

o 

3 
10 

12 

21 

23 

6 

9 

4 
6 

13 
18 

o 

4 
10 


(con.). 

m 

59  ii.O. 

8  i.e. 
13  i.O. 

•  •  •     J 

52  111.  r. 
54  iii.  T. 
5  i.  t, 
22  i.  T. 
29  ii.  t. 

9  ii.T. 
36  i.  e. 
43  i.  O. 

35  i-  ^^ 

52  i.  T. 

56  ii.  e. 
21  ii.O. 

4  i.  e, 
13  i.  O. 

33  iii-  «. 

29  iii.  E. 

10  iii.  0. 

11  iii.O. 

5  i.  f, 
21  i.T. 

53  ii.  t. 

32  ii.T. 
45  iv.  t. 

11  iy.  T. 

33  i. «. 

42  i.  O. 

34  i.  i- 
50  i.  T. 

1 3  ii.  e. 

43  ii-  O. 
I  i.  e. 

12  i.  O. 
1 1  iii.  t. 
II  iii.T. 

4  i.  t, 
20  i,  T. 
15  ii.  t. 
53ii.T. 

30  i.  «• 
41  i.  O. 

33  i.  <• 
50  i.  T. 

31  \Le. 

5  ii.  O. 
58  i,e. 
II  i.  O. 
31  iii. «. 


21 


22 


Nov. 

d    h 

18  13 

17 

»3 

19  J 

10 

13 

19 
22 

20  14 

17 
17 

19 

o 

2 
2 
7 

13 

17 

4 

7 

12 

H 

23 

2 
8 

II 
6 
8 

16 

20 

2 

6 

17 
18 

21 

I 

3 

15 

21 

o 

19 
21 

5 
10 

15 

»9 
29     8 


*3 


24 


»5 


26 


27 


28 


,  (oon.). 

m 

26  iu.  E. 

28  iii.  0. 
26  iii.  O. 

3  i.  t. 

19  i.  T. 

37  ii-  ^' 

15  ii.T. 

26  i.  e. 

40  i.  O. 

46  iv.  e. 
15  iv.  E. 
32  i.  t. 

49  i-  T. 
34  i^-<>- 

39  iy.  O. 

48  ii.  e, 

26  ii.  O. 

55  i.  «• 

10  i.  O. 

29  iii.  t. 
26  iii.T. 

2  i.  t. 

18  i.T. 

59  ii.  ^. 

37  ii.  T. 
23  i.  e. 

39  i.  O. 
31  i.  t 

47  i.  T. 
5  ii.  «• 

47  ii.  O. 
51  i.  e. 

8  i.  O. 

28  iii.  0. 

23  iii.  E. 

45  iii.  o. 

40  iii.O. 
I  i.  t. 

17  i.  T. 

21  ii.  i. 
58  ii.  T. 

20  i.  e. 

38  i.  O. 

30  i.  t 

46  i.  T. 

22  ii.  e. 
8  ii.O. 

48  i.  e. 
7  i.  O. 

39  iv.  t 


Nov,  (oon.). 

d    h  m 

29  8  44  iii.  t 

10  21  iy.  T. 

11  37  iii.  T. 
13  59  It. 
16  15  i.T. 

30  2  42  ii.  t. 
5  18  ii.T. 

10  16  i.  e. 
13  36  i.O. 


8 


December 

• 

8 

28 

• 

1. 

t. 

10 

44 

• 

1. 

T. 

18 

40 

•  » 

II. 

e. 

23 

29 

•  • 

11. 

0. 

4  44 

• 

1. 

e. 

8 

5 

• 

I. 

0. 

18 

27 

•  • 

in 

I.  e. 

21 

20 

•  •  • 

111 

.E. 

22 

59 

•  •  • 

111 

.0. 

I 

51 

111 

i.O. 

2 

58 

• 

1. 

t. 

5 

13 

• 

1. 

T. 

16 

3 

•  • 

11. 

t. 

18 

39 

•  • 

11. 

T. 

23 

»3 

i. 

e. 

2 

34 

• 

1. 

0. 

21 

27 

i. 

t. 

23  42 

• 

1. 

T. 

7 

57 

ii. 

e. 

12 

49 

•  • 

11. 

0, 

17 

41 

i. 

e. 

21 

3 

• 

1. 

0. 

12 

56 

•  •  < 

III 

i.t. 

>5 

46 

•  •  • 

HI 

.T. 

15 

56 

• 

I. 

t. 

18 

II 

• 

1. 

T. 

5 

22 

•  • 

11. 

t. 

7 

S8 

ii. 

T. 

8 

47 

iv 

.  e. 

II 

4 

iv 

.E. 

12 

9 

• 

1. 

e. 

'5 

32 

• 

1. 

0. 

20 

17 

iv 

.  0. 

21 

28 

iv 

.0. 

10 

25 

• 

I. 

t. 

12 

40 

• 

1. 

T. 

21 

H 

•  • 

11 

.  e. 

2 

9 

•  « 

u. 

0. 

10 


II 


12 


Dec 

d    h 

9    6 
10 

22 

I 

3 

4 

5 

7 
18 

21 

I 

4 

»3 
I 

10 

'5 

'9 
22 

17 
17 

19 

20 

8 
10 

17 
12 

14 

13 

4 
8 

II 

2 


n 


14 


IS 


16 


17 


18 


'9 


20 


s 

6 

7 

9 
10 

21 

23 

2 

6 
I 

3 

13 

18 

21 

o 

19 
21 


,  (con.). 

in 

38  I.e. 

1  i.O. 
25  iii.  e. 
17  iii.  E. 

10  iii.  0. 

54  i.  t. 

58  iii.  O. 
9  i.  T. 

42  ii.  t. 

17  ii.T. 

6  i.  e. 

30  i.  O. 
23  i.  t. 
38  i.  T. 

3 1  ii.  e. 
29  ii.  O. 

34  i.  «. 

59  i-  O. 

5  iii.  t, 
52  i.  t. 

52  iii.  T. 

7  i.T. 

2  ii.  t. 

37  ii.  T. 

2  i.  e. 
27  i.  O. 

20  i.  t, 
36  i.  T. 
49  ii.  e, 

48  ii.  O. 
31  i.  e. 
56  i.  O. 
22  iii.  f. 
14  iii.  E. 

49  i.  t. 

17  iii.  0. 
4  i.T. 

3  iii.  O. 

21  ii.  t. 

55  ii.  T. 

59  i.  «• 

25  i.  O. 

18  i.  t. 

33  i.  T. 

6  ii.  e. 

7  ii.  O. 
27  i,e, 

53  i.  O. 
47  i.  t, 

11  lu.  t. 


21 


22 


^3 


15 

d    h 
20  22 

23 
10 

>3 
15 
19 
H 
16 

2 

7 
10 

13 

2 

4 
6 

8 

9 
10 

II 

23 

2 

4 
8 


24 


^5 


27 


28 


26     3 

5 

15 

20 

23 

2 

21 

23 
I 

3 

13 

15 

17 
21 

29  16 

18 

4 
10 

12 

'5 
10 

10 

12 

13 
15 

17 


30 


31 


.  (con.). 

m 

2  i.T. 

54  iii.  T 

40  ii.  t. 

13  ii.  T. 

55  i.  «. 
22  i.  O. 

15  i.  t. 

30  i.  T. 
24  ii.  e. 

26  ii.  O. 
24  i.  e. 
50  i.  O. 
49  iv.  e, 

53  iv.  E, 

20  iii.  e. 

44  i.  ^. 
10  iii.  E 

59  i..  T. 

21  iii.  0, 

3  iii.O 

58  ii.  t, 

31  ii.T. 
52  i.  e. 

19  i.  O. 

12  i.  t. 

27  i.  T. 

41  ii.  e. 
44  ii.  O. 

20  i.  e. 

47  i.  O. 
41  i.  t. 

56  i.  T. 

13  iii.  t. 

54  iii.  T 
15  ii.  t. 

48  ii.T. 
48  i.  e. 
IS  i.  O. 

9  i.  t. 
24  i.  T. 

59  ii.  tf. 
I  ii.  O. 

17  i.  fl. 
44  i.  O. 
17  iii.  e. 
37  i.  t, 
52  i.  T. 
6  iii.  S 
20  iii.  o. 

59  iii.  0 


^satellites  of  Jupiter  will  be  invisible  from  Augnst  14  until  October  12,  Jupiter  being  too  near  tbe  Sun 
Satellites  I.  &  II.  disappear  at  eclipse  on  the  p  side  in  January  and  Februar,v.    They  reappear  on  th< 

/aide  from  March  to  Juno.    They  reappear  on  the  /  side  in  August,  and  disappear  on  the  p  side  fron 

(^otober  to  December. 
Sstdlites  in.  &  IY.  disappear  and  reappear  at  eclipse  on  the  p  side  in  January.    They  disappear  01 

^  puAt  in  i^ebruary,  and  both  disappear  and  reappear  on  the  /  side  from  March  to  August.    The; 

iisappear  and  reappear  on  thep  side  from  October  to  December. 


Jt^er't  SatelUtet,  1897. 


[No.  248. 


ErBUuan  op  Jdfiteb'b  Vth  Satklute. 


;;::ji 


113-9* 
"13-91 


54K7 

55-19 
5S'*8 
55-66 

55-83 
55-98 
56-11 
56-25 
56-36 
56-45 
56-53 

56-65 
56-68 
56-70 
56-70 
56-68 
56-65 


«8-36 
»3J79 
»39'»3 
144-68 
15014 
i55;6i 

166- 5S 
171-07 
»77-57 
iSi'oS 


199-65 


3><-8=. 
3»7-3+ 
331-89 
3ja-+3 
343-98 
349-53 
3S5-'>7 


iS'iS 
3376 
39-16 


1.336 

113-31 
113-18 


55-85 
55-69 
55-46 


Tk»  diO-jrf  n»»  !»■(  wf  en  rec 
l44j*ol  ■ndi+ts'SS.  Th*-n 
Vkwttw  mrreBponding  i-oup 


17.1  Configuration*  ofJv^et't  SaiellUea. 

Ephbhxbis  of  Jupitsb'b  Ttu  Satellite  (eontintied). 


5177 
SI  48 


SOS9 

49'99 
49'69 
49'W 


Time  of  fmtdt 


CONFiaUKATIONS  OP  JDPITEE'S  SATELLITES 

FOU  AN  INTEETINO  TELESCOPE. 


U,.|<«. 

^?^ 

M..h. 

April. 

"!?;■■ 

^z^ 

y- 

gi^W 

%' 

•t' 

!»' 

D.3.. 

4±liO 

140  (I 

, 

I 

^ 

ii 

3  i:s?, 

H  1  "ow 

*IOil  1 

3014«I 

1897.] 


Satellites  of  Saturn,  1897. 

8AIBLL1TES  OF  SATUEN. 

East  Elongatiaos. 

Mimas. 


19 


/  January. 

February. 

March. 

ApriL 

May. 

June. 

Jidy. 

August. 

/     d      h 

d 

h 

d 

h 

d    h 

d 

h 

d 

k 

d 

h 

d 

h 

1     I    16*1 

I 

i8-3 

I 

2*3 

I    4-« 

I 

8-1 

r 

IO-4 

I 

141 

I 

i6*6 

2   147 

a 

1 6^9 

2 

i*o 

2      3*2 

2 

67 

2 

9*o 

2 

127 

2 

15*2 

3    »3*3 

3 

15-6 

a 

23*6 

3     r8 

3 

5*3 

3 

7-« 

3 

11-3 

3 

13-8 

!     4    »n 

■     4 

142 

3 

22*1 

4    0*4 

4 

3  9 

4 

6*2 

4 

9'9 

4 

12-4 

5    IO-5 

5 

12*$ 

4 

207 

4  »30 

5 

2*6 

5 

4-« 

5 

8*5 

5 

II'O 

6      91 

i     6 

ri-4 

5 

19-3 

5    21*6 

6 

1-2 

6 

3*4 

6 

7*1 

6 

9-6 

r     7      77 

'[     7 

10*0 

6 

^7'9 

6   20'2 

6 

238 

7 

2-0 

7 

57 

7 

8'a 

8      6-3 

^    8 

8*6 

7 

165 

7  i8*9 

7 

22*4 

8 

o'6 

8 

4'3 

8 

6-8 

1     9     4*9 

'.     9 

7*3 

8 

15-1 

8  17-5 

8 

21*1 

8 

23*2 

9 

3*0 

9 

5'4 

\   10      3*5 

i    10 

1 

5'2 

9 

13*7 

9  i6'i 

9 

19*7 

9 

21*8 

10 

1*6 

10 

40 

1   11      2*1 

II 

4« 

10 

12-3 

10  14*7 

10 

18*3 

10 

20'5 

II 

0*2 

II 

2-6 

\  1*     07 

:  12 

3» 

II 

ii*o 

II  13-3 

II 

16*9 

II 

I9'2 

11 

22*8 

12 

1*2 

I  li  *3-3 

13 

1*8 

12 

96 

12  11*9 

12 

156 

12 

17-8 

12 

21*4 

12 

»3-« 

I   13   21*9 

14 

o'4 

13 

8*2 

13  io*5 

13 

14*2 

13 

16*4 

13 

20*0 

13 

22*5 

14.  205 

14  23*0 

14 

6-8 

14    9-1 

14 

12*8 

14 

15*0 

14 

1 8*6 

14 

2I'I 

15  191 

15 

21*6 

15 

5*4 

15     77 

15 

"•4 

15 

137 

15 

17*3 

15 

198 

;  16  177 

16 

20*2 

16 

4*o 

16    6*3 

16 

lO'O 

16 

12*3 

16 

16*0 

16 

184 

17  16-4 

:   17 

18*8 

17 

2*6 

17    49 

17 

8*6 

17 

io*9 

17 

H7 

17 

170 

I«  15*0 

'   18 

'7*4 

18 

1*2 

18     3*8 

18 

7*2 

18 

9*5 

18 

13-3 

18 

157 

19 13*6 

19 

161 

18 

239 

19    2-3 

19 

5*9 

19 

8*1 

19 

11*9 

19 

14*4 

20  1 2*3 

20 

147 

19 

22*5 

20    0*9 

20 

4*5 

20 

6*8 

20 

10*5 

20 

13  0 

zi  10*9 

21 

13*3 

20 

21*2 

20  23*5 

21 

31 

21 

5'4 

21 

9*1 

• 

22   9-5 

1  ** 

11*9 

21 

19*8 

;    21    22*1 

'  22 

1 

17 

22 

4-0 

22 

77 

23    8-1 

13 

io*6 

22 

i8'4 

■    22   20*7 

1  23 

o'3 

23 

2*6 

23 

6-3 

24   6*7 

24 

9i 

;   »3 

17*0 

i  23  19*3 

i  23 

22*9 

.  *4 

1*2 

24 

4*9 

*5    5*3 

:     25 

7-8 

24 

15*6 

!   24  17*9 

1  *+ 

21*5 

'   24 

23-8 

25 

3*5 

26    3-9 

26 

6-4 

as 

H-3 

i  *S  i6'5 

'  25 

20*1 

25 

22*5 

26 

2*2 

27   2-6 

i7 

S'o 

26 

12*9 

26  15*1 

:  26 

1 8*8 

26 

21*1 

•  27 

0*8 

1 

.  28     V2 

28 

37 

•   27 

11-5 

!   27   137 

'  27 

17*4 

27 

19*7 

27 

23*4 

•  28  23-8 

28 

1 

lO'I 

1   28  12*3 

i  28 

i6'o 

28 

18-3 

28 

22*0 

25  22*4 

29 

87 

i  29  io'9 

29 

14*6 

29 

1 6*9 

29 

20*6 

30  21*1 

30 

7*4 

1   30    9-5 

1  30 

132 

30 

15-5 

30 

193 

31  19*7 

31 

6*0 

1 

1 

31 

11*8 

31 

17*9 

Ekceladus. 


January. 

February. 

March. 

ApriL 

May. 

June. 

July. 

August. 

d    h 

d    h 

d    h 

d    h 

d    h 

d    h 

d    h 

d    h 

21    80 

I     7-2 

2     1*8 

I       5*2 

I     8*5 

I    20*6 

I  23-9 

I     3*4 

22  i6*9 

2  16*1 

3  io'7 

2  14*1 

2  17*3 

3     5'5 

3     8*8 

2   12*3 

24    r8 

4    0-9 

4  19  6 

3  22*9 

4     2*2 

4  H'3 

4  177 

3   21*2 

25  IO-7 

5     9-« 

6    4*4 

5    7-8 

5  ii'i 

5  23-2 

6    2*6 

5     61 

26  19*6 

6  187 

7  13*3 

6  167 

6  20*0 

7     8*1 

7  "'5 

6  15*0 

28    4*5 

8     3*6 

8    22*2 

8     1*6 

8    48 

8  17*0 

8  2o*3 

7  23*9 

29  13-4 

i     9  12*5 

10     7*1 

9  104 

9  137 

10     1*9 

la    5*2 

9     87 

30  22*3 

i     10   21*4 

II  160 

10  19*3 

10   22*6 

II  10-7 

II  14*1 

10  17*6 

12    6*3 

13     o'9 

12    4*2 

12     7*5 

12  19*6 

12  23*0 

12     2*5 

13    15*2 

H    97 

13  1 31 

13  16-3 

14    4*5 

H    7*9 

13  11*4 

15     o*i 

15  186 

14   22'0 

15     1*2 

15  13*4 

15  i6*8 

16    8*9 

17     3*5 

j6     6*8 

16    lO'I 

16  22*2 

17     17 

17  17*8 

18  12*4 

17  157 

17  19*0 

18     7*1 

18  10*5 

19    27 

19  21*3 

19    0*6 

19     3-8 

19  16*0 

19  19*4 

20  11*6 

21     6*1 

20    9*5 

20   12*7 

21     o*9 

21     4*3 

21    20'5 

22  15*0 

21  18*3 

21    21*6 

22     9*8 

22    13*2 

*3     54 

23  239 

23      3*2 

23     6*5 

23  18*6 

23    22*1 

24  14*3 

25     8*8 

24  121 

24  15*3 

25     3'5 

25      7*0 

25  23-1 

26  177 

25    2I*0 

26    0*2 

26  12*4 

26  15*9 

27     8-0 

28     2*5 

27     5-8 

27     9*1 

27  21*3 

28    0*7 

28  16*9 

29  11*4 

28  14*7 

28  18*0 

29      6*2 

29     9*6 

30   20*3 

29  23*6 

30     2'8 

30  15*0 

\  v>  \V^ 

\ 

—                 ' 

/ 

31  117 

\ 

\ 

o^ 
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'  Satellites  of  SaturUy  1897. 


[No.  248. 


East  Elongations. 

Tethys. 


January. 

February. 

Marob. 

April. 

May. 

June. 

July. 

August. 

d    h 

d    b 

d    b 

d    b 

d    b 

d 

b 

d    b 

d    b 

I  20*2 

I       I'2 

I     8-9 

2   II'O 

2  157 

20-3 

2      I'O 

I     5*9 

3  i7'5 

2    22'5 

3     6-2 

4    8-3 

4  12*9 

17-6 

3  "3 

3     3*a 

5  14-8 

4  19-8 

5     3'5 

6     56 

6    10'2 

14-8 

5  19-6 

5    0-5 

7    I2-I 

6  17*1 

7    0-8 

8     2*9 

8     7-5 

12*1 

7  169 

6  21-8 

9     9'4 

8  14*5 

8  221 

10      0'2 

10    4*8 

9*4 

9  H-2 

8  19-1 

II     67 

10  11*8 

10  19-4 

II    21*5 

12     2'I 

II 

67 

II  11*5 

10  i6'4 

13     4*o 

12     91 

12  167 

13  i8-8 

13  23-4 

13 

40 

13     8-8 

12  13-8 

15     1-3 

14    64 

14  14*0 

15  i6*o 

15  207 

15 

1*3 

15     6-1 

16   22-6 

16     37 

16  11*3 

17  13-3 

17  i8'o 

16 

22"6 

17     34 

18    20*0 

18     ro 

18     8-6 

19  IO-6 

19  152 

18 

199 

19     07 

20    17-3 

19   22*3 

20     59 

21     7*9 

21  12-5 

20 

17-2 

20    22'0 

22    I4'6 

21    19*6 

22      3*2 

23     5-2 

23     9-8 

22 

H'S 

22    19-3 

24   119 

23  i7'o 

24    05 

25     2-5 

25     7-1 

24 

11-8 

24   l6'6 

26     9*3 

as  H-3 

25  21*8 

26  23-8 

27     4-4 

26 

9*1 

26    13-9 

28     6-6 

27  11*6 

27  191 

28  21*1 

29     17 

28 

6-4 

28  11*3 

30     3*9 

29  i6'4 
31  137 

30  18-4 

30  23-0 

30 

37 

30     8-6 

DiONB. 


January. 

February. 

Marcb. 

April. 

May. 

June. 

July. 

August. 

d    b 

d    b 

d    b 

d    b 

d    b 

d    b 

d    b 

d    b 

4      1-2 

3    4*0 

2    12*9 

I  15-4 

I  175 

3  133 

3  '5*6 

2  18*1 

6  i8'9 

5  217 

5     6-6 

4    90 

4    11*2 

6     70 

6     9*2 

9    12-6 

8  15-4 

8     0-3 

7    27 

7     4-8 

9     0-6 

9     2*9 

12     6*3 

II     9*1 

10  i8*o 

9  io"3 

9  "5 

II   18-3 

11  206 

15    o-o 

14    2-8 

13  117 

12  14-0 

12  161 

14  119 

14  143 

17  177 

16  20*5 

16     5-3 

15     7-6 

15     9-8 

17     5-6 

17     7-9 

20  11*4 

19  14-2 

18  23*0 

18     1*3 

18     3*4 

19  23-3 

20     1*6 

23     5-1 

22     7*9 

21   167 

20  18-9 

20  211 

22  i6'9 

22  19*3 

25    22-8 

25     1-6 

24  10-3 

23    12-6 

23  147 

25  io*6 

25  13-0 

28    16-5 

27  19*2 

27    4-0 

26     6*3 

26     8*4 

28     4-2 

28     67 

31     103 

29  217 

28  23*9 

29      2'0 
31   197 

30  21-9 

31     04 

Khea. 


January. 

February. 

Marcb. 

April. 

May. 

June. 

July. 

August. 

d    b 

d    b 

d    b 

d    b 

d    b 

d    b 

d    b 

d    b 

4  15*3 

5     6-8 

4    9*6 

5    o'3 

2      2*3 

2  16-4 

4     6-8 

4  ai7 

9     3-8 

9  19  3 

8  220 

9    12-6 

6  14-6 

7     4-8 

8  19-2 

13  16-3 

14     7*8 

13   10-4 

14       I'O 

II       2*9 

II   I7'i 

13     7-6 

18     4-8 

18  20-3 

17    22*8 

18  13-3 

15  152 

16     5'4 

17    20'0 

22  17-3 

23     87 

22    II'2 

23     i"6 

20     3-5 

20  17-8 

22       84 

27     5-8 

27    2I-I 

26  23-5 

27  13-9 

24  158 

25     6*1 

26  20*9 

31  18-3 

31   11-9 

29     4-i 

29  i8'5 

31       9-3 

Titan. 

January. 

February. 

Marcb. 

April. 

May. 

June. 

July. 

d     b 

13     4*5 
29     38 

L r-^, 

d    b 
14    31 

d    b 
2     2-5 
18     II 

d    b 
2  23-3 

18    211 

d    b 
4  186 
20  i6'o 

d    b 
5  ^3*3 

21     II'O 

d    b 
7    8*9 

1897.] 


Satellites  of  Saturn,  1897. 
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East  Elongatiosis. 
Htpebiow. 


January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

d  h 
^9   57 

d    h 
9  16-8 

d    h 

3     »'3 
24  lo-o 

d    h 
14  161 

d    h 

5  ao-9 

27     0-7 

d    h 
17    4*3 

d    h 
8     81 
29  12*6 

d     h 
19  17-8 

Iapetus. 

d  h  d    h  d    h 

Inf.  Conjunction ...   Mar.    121*4,  May  19  ii'o,  Aug.    6     i'8. 

W.  Elongation Jan.    1    0*8,   Mar.  23    2-8,  June    9     7-9. 

Sup.  Conjunction...    Jan.  22     i-6,    Apr.  11  14-7,  June  28  17*4. 

E.  Elongation Feb.  11  147,   May    i  14*2,  July  18  22*2. 


Apparent  Elements  of  Saturn's  Eings. 


Greenwich 

Position-angle 
of  Minor  Axis. 

Outer 

'  Ring. 

Latitude  above  Plane  of  Bing. 

Mean  Noon. 

Maj.  Axis. 

Min.  Axis. 

Earth. 

Sun. 

''an.     0  

0      1 
2  24-3 

2  38-1 

2  47-8 

2  52-7 

2  52-2 

2  467 

2  37*3 
2  257 

2  14-4 

2     5*5 

2    07 

2    0-9 

2  6-2 

2    l6'2 
2    299 
4   46-5 

3  4*7 
3  23*i 
3  40-8 

3  44*9 

35-28 

36-17 
37-31 

38-58 
3985 

4095 
41-67 
41-89 

41-55 
40-74 

39*60 

38-33 
37-08 

.    35*97 
35-09 

34-48 

34*19 
34-21 

34*55 
34-68 

14*45 
14-97 

15-53 

16-09 

16-58 
16-93 
17-08 
17-00 
16-71 

16-28 

1579 

15*34 

H*97 
14-71 

14-56 

H53 
14-61 

14-79 
15-08 

15-17 

0      1 
24  10-7  N. 

24  27*1  N. 
24  36-4  N. 
24  38-7  N. 
24  34*8  N. 
24  25*4  N. 
24  12-0  N. 
23  567  N. 
23  42-5  N. 
23  32-8  N. 
23  30'o  N. 
23  35*4  N. 

23  48*5  N. 

24  7*9  N. 
24  30-8  N. 

24  54*9  N. 

25  17-8  N. 
25  37*4  N. 
25  52-7  N. 
25  557  N. 

0    1 

23  15-3N. 

23  24-1  N. 
23  32*6  N. 
23  41*0  N. 
23  49*2  N. 

23  57-2  N. 

24  5*1  N. 
24  12*7  N. 
24  20-3  N. 
24  27-6  N. 
24  34-8  N. 
24  41-8  N. 
24  48-6  N. 

24  55*2  N. 

25  1-6  N. 
25     7-8  N. 
25  14-0  N. 
25  198  N. 
25  25-5  N. 
25  26-9  N. 

20  

^eb.     g  

VKJ.         y     

JItfar.     I  

21   

-^pril  10  

30  

<^^«LY  20  

^1  un©    9  

3Q  

O^ulv  10  

^uff.     8  

^~»  »|^  •                  w            ......... 

28  

^ent.  17  

Oct.     7  

27    

-Uov.   16   

Xtec.     6  

26  

*i  

J*  

22 


SatelKtet  of  Uramu  and  Neptmu.      [No.  248* 


SATBLUTES  OF  URANUS 

» 

Nortli  ElojigntiioiHB 

Abiel. 

• 

February. 

March. 

ApriL 

May.     1 

June. 

July, 
d    h 

August. 

d 

h 

d   h 

d    h 

d 

h 

d    h 

d  h 

I  ] 

i8-8 

I    12*2 

3    6-6 

I 

O'l 

2  187 

3     0-8 

2    6*8 

4 

7*3 

4    07 

8     76 

3 

12-6 

5     7*2 

5  133 

4  I9'3 

6 

198 

6  13*2 

6 

I'l 

7  198 

8     1*9 

7     7*8 

9 

8-3 

9     17 

10   20'I 

8 

137 

10    83 

10  144 

9  203 

II  '. 

10-8 

II  14*2 

13    8-6 

II 

2*2 

12   20-8 

13     29 

12     8-8 

14 

9*3 

14    27 

15    21*1 

13 

147 

15     9*3 

15  15-4 

14  213 

l6  ; 

£1-8 

16  15-1 

18     9'6 

16 

32 

17  21-8 

18     39 

19 

io'3 

19     36 

20  22*1 

18 

157 

20  io'3 

20  16*4 

21 

Z2'8 

21  16*1 

23  106 

21 

4*2 

22    22*8 

23    4*9 

24 

11-3 

24    4*6 

25  231 

23 

167 

25  "'3 

25  17-4 

26  : 

13-8 

26  17*1 

28  11*6 

26 

5*2 

27  23*8 

28     5*9 

29     56 

28 

177 

30   12*3 

30  18-3 

31  181 

31 

6-2 

Umbbixl, 

February, 

March. 

Api 

•a. 

May. 

Jul 

le. 

July. 

August. 

September. 

d  h 

d  h 

d  Y 

1 

d   h 

d   ] 

ti 

d 

]i 

d  I 

h 

d    h 

3  "'3 

4  i*'4 

2  I 

27 

I  13*2 

3  « 

7-3 

2  : 

[7-9 

4  217 

7  15-8 

8  159 

6  I 

6-2 

5  166 

7    20'8 

6  : 

&i'4 

9 

1*2 

II  19*2 

12  19*3 

10  I 

9*6 

9   20-2 

12 

04 

II 

09 

13 

47 

15    22*6 

16    22-8 

14  2 

3*2 

13    237 

16 

3  9 

15 

44 

17 

8-1 

20      2*1 

21       2*3 

19 

27 

18       33 

20 

7*4 

19 

7-8 

21   11*6 

44    5*5 

25     57 

»3 

6-2 

22     6-8 

24    10*9 

23  ^ 

1 13 

25  J 

50 

28    90 

29    92 

27 

97 

26  io*3 

28    14*4 

27  ^ 

[4*8 

■ 

30  13*8 

] 

31 

183 

■ 

TiTi 

LNIA. 

January. 

February. 

Ma 

Toh. 

April. 

M« 

I 

June. 

July. 

August 

d   h 

d    h 

d 

h 

d    h 

d 

d 

h 

d 

h 

d   h 

31   ftO'I 

9   12-8 

7 

15*4 

2  i8'5 

7 

151 

2 

186 

7 

15-1 

a.  18*2 

18     5-6 

16 

8-4 

11  11*6 

16 

8-2 

II 

11*8 

16 

8-2 

II   ii-i 

26    22*5 

»5 

1*4 

20    47 

28   21*9 

25 

1*4 

20 
28 

50 

22'0 

25 

1*2 

20     4'o 
28   20*9 

Obe 

BON. 

Harch. 

J 

Lpril. 

Id 

[ay. 

June 

. 

July. 

d    h 

( 

a    h 

d 

h 

d     h 

d 

h 

I  15s 

I 

I     1-5 

8 

08 

4      0'2 

14 

107 

15     27 

2i 

I.  131 

21 

124 

17    II' 

9 

27 

22*0 

28  14*0 

30    23-3       1 

Poi 

rition-angleand  di 

stance  of  the  apse 

of  Ob 

eron: — February  i8,  348***o,43"'i ; 

Hay 

17,35 

o°-8, 

45""4; 

Aug 

[USt 

13 

,353 

°7,  43 

"•I. 

January, 
b 
06 


d 

2 

7 
13 
19 
25 
31 


217 
1 8*8 
15-9 
i3"o 

IC'I 


February. 


SATELLITE  OF  NEPTUNE. 
North-east  Elongations. 
March. 


6 
12 
18 

23 


7-2 

4'3 
1*4 

22*5 


d 
I 

7 

13 
19 
25 


h 

195 
i6-6 

13*6 

107 

77 


September, 
d    h 

October, 
d    h 

5  187 

5     3-8 

II  157 

II     o'9 

17  127 

16   21'9 

23     97 
29     6-8 

22  i9'o 
28  i6-i 

J0T( 

Bmber. 

December. 

d 

h 

d    h 

3 

13-2 

2  227 

9 

103 

8  19-8 

15 

7-4 

14  16-9 

21 

4*5 

20  14*1 

27 

vS 

26  11*2 

Position-angle  and  distance  of  the  apse: — March  6,  252^*8,  i6''*4;  Aug.  29, 


15  8  ^'o,  i6"*3 ;  December  3,  257 


o. 


O.  I 


^" 


9- 


1«97.3 


7%e  Sun :  Physical  Observationt. 
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EPHEMESIS  FOE  PHYSICAL  OBSERVATIONS 

OF  THE  SUN. 


Greenwich  M«ni  Noon. 

Greenwich  Mean  Noon. 

1897. 

V. 

B. 

L. 

1897. 

P. 

D. 

L. 

0  1 

0  1 

O'    1 

0  1 

0  1 

^0  1 

J'an.  1 

+  I  3* 

-3  20 

86  42 

JTuly 

5 

-  0  28 

+  3  34 

164  50 

6 

-  0  54 

3  53 

20  52 

10 

+  »  49 

4  5 

98  40 

II 

3  '9 

4  a5 

315  2 

15 

4  4 

4  35 

32  29 

16 

s  41 

4  54 

249  10 

20 

6  16 

5  » 

326  20 

21 

7  59 

5  22 

183  21 

25 

8  24 

5  *7 

260  It 

26 

ID  12 

5  46 

117  30 

3d 

to  29 

5  49 

<94  4 

^   3i 

12  18 

6  8 

51  42 

Aug. 

4 

12  27 

6  to 

127  57 

Feb.  5 

14  18 

6  28 

345  5» 

9 

14  20 

6  28 

61  50 

to 

16  10 

6  4| 
6  56 

280  I 

14 

16   7 

643 

355  43 

^5 

17  54 

214  It 

19 

17  46 

6  55 

289  39 

20 

19  30 

7  6 

148  19 

24 

t9  18 

7  5 

223  36 

.,    *5 

20  56 

7  12 

82  28 

»9 

20  43 

7  " 

157  33 

Mar.  2 

22  13 

7  15 

16  37 

Sept. 

i 

21  59 

7  «5 

91  30 

7 

23  21 

7  14 

310  43 

23  6 

7  15 

25  27 

12 

24  18 

7  i« 

244  49 

13 

*4  5 

7  " 

319  27 

'7 

25  6 

7  3 

178  54 

18 

24  54 

7  6 

253  47 

22 

25  43 

653 

112  58 

21 

45  33 

6  57 

187  28 

17 

26  9 

6  40 

47  4 

28 

26  2 

6  44 

121  2S 

Apr.  I 

26  25 

6  24 

341  5 

Oct 

3 

26  21 

6  29 

55  49 

6 

26  30 

6  5 

275  8 

8 

26  30 

6  II 

349  3' 

11 

26  24 

S  43 

209  6 

13 

26  27 

5  50 

283  34 

16 

26  7 

5  '9 

143  6 

18 

26  13 

5  26 

217  38 

21 

25  39 

4  53 

77    4 

23 

^S   47 

5  00 

151  41 

26 

25  00 

4  24 

10  59 

28 

25  10 

4  31 

85  44 

May  I 

24  10 

3  54 

304  54 

Nor. 

2 

24  20 

4  00 

19  49 

6 

23  9 

3  23 

238  48 

7 

23  19 

3  28 

3'3  55 

II 

21  57 

2  49 

172  42 

12 

22  7 

*  54 

447  59 

16 

20  35 

2  15 

106  34 

17 

20  42 

2  18 

182  4 

21 

19  4 

I  4<^ 

40  26 

22 

19  7 

I  41 

116  9 

26 

17  *3 

I  5 

334  16 

27 

t7  22 

I  4 

50  16 

3' 

15  35 

—0  29 

268  5 

Dec. 

2 

15  26 

+0  25 

344  23 

June  5 

13  39 

+0  8 

201  55 

7 

13  22 

-0  13 

278  29 

lO 

11  37 

0  44 

135  44 

12 

II  II 

0  51 

212  36 

15 

9  28 

I  20 

69  34 

17 

8  53 

I  29 

146  43 

20 

7  «7 

I  55 

3  22 

22 

6  31 

2  7 

80  5t 

45 

5  4 

2  29 

297  II 

27 

4  « 

2  43 

15  I 

30 

-  2  45 

+3  3 

231  00 

3* 

+  I  39 

—  3  18 

309  II 

The  position-angle  of  the  Sun's  axis,  P,  is  the  position-angle  of 
tbe  N.  end  of  the  axis  from  the  N.  point  of  the  Sun,  read  in  thd 
direction  N.,  E.,  S.,  W.  In  computing  D  (the  heliographic  lati- 
tude of  the  centre  of  the  Sun's  disk),  the  inclination  of  the  Sun'fi 
axis  to  the  ecliptic  has  been  assumed  to  be  82*^  45',  and  the 
longitude  of  the  ascending  node  to  be  74®  22'.  In  computing  L  (the 
heliographic  longitude  of  the  centre  of  the  disk),  the  Sun's  period 
of  rotation  has  been  assumed  to  be  25*38  days,  and  the  meridian 
which  passed  through  the  ascending  node  at  the  epoch  1854*0  hai 
been  taken  as  the  zero  meridian. 
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MEAN  PLACES  OF  VARIABLE  STARS  FOR  1897-0. 


Vficulptorin  .. 
SSculntoria  .. 
T  AiiJpomedffi 
T  Oa»i™eia  ., 

STouraiii    

E  Andromedic 

SOeli  

U  Oassiopeiie  ., 
W  Cataiopfliie . . 

UCephci    

USoulptoris  .. 
IT  Andromsdn 
8  CttsaiopeiB  .. 

S  PUciuin   

U  Piaoiam 

R  Bculptoria   .. 

KPiaduni   

UPerBBi 

S  Arietii 

RArietJs 

oOeti  

ECet! 

UOeti 

RTi-ianguli     .. 

T  Arietia 

VPeraei 

R  Horologii    . . 

Algol   

U  Amtifl    

EPbhw 

TBridani  

X'SSiari    

WTfluri 

KTrnlri  

STauri    

T  Cairielopardi 

RRetlculi  

VTauri   

R  Orion  is    

R  Lpporis   

TI«pom    

VOnonifl    

SPioWri 

B  Auriga    

TOol  limbic 

SOrionia 

5  Caniplflpardi 

U  Aurigs    

R  Columbffi 

UOHoniFi   

V  Geininorum.. 

V  Aurigie    

y  Monocerotie . 


0  38 
S  13 
S  59 


-39  48 'J 
-3»  37*' 


+  38  04 

-  9  S3'? 

+47  4i'6 

+  5S  0-3 


+  54-  I9-J 

+  11  i-o 
4-1*  34--6 

-  3  26'7 

-  0  386 
-.3  36''' 
+  33  48-9 


+  '5  S^'5 

-I-  9  56-0 

+  9  43*i 

+65  564 

-63  14-6 


-33  48-9 
-  4  46'5 
+68  44'5 
+  3"  sS-6 


TMonoMTotis... 


R  Lynci 

t  Oemin 

B  Geiuinurum 

VCnniHMin.  .. 

R  Canis  Min. .. 

L'  Puppifl   

RCaoiaMaj.  .. 
VGerauionim.. 
U  Monocerotis, 


U  Canis  Mill. ., 
S  Gtemiuoriim  . 
T  Geminorum . 
U  GeminoruTn 

UP"Ppi»    

EOancri 

V  Caneri 

TVelorum  .... 

S  OBncri 

BMali    

SHydrffi 

T  HydriE 

TCaticri 

WCarini 

a  Anblim 

N  Veloruni 

SValonira  .... 

BOarini  

XHj'd™    

R  Leo.  Min.  .. 
BLeoniB  „... 
I  Carini 

V  Leonia    

RUrsfeMa}!"' 

V  Hydra    .... 

W  Lpoiiin    

UOttrini 

SI«oni8 

XOtfntari.... 
WOentauri     ., 

RCoiiiH! 

S  Miiacai 

T  Virginia  

BCnrvi   

RCruois 

V  VirginiB  


7  49  o 
7  56  ° 
B  10  53 


S  29  S3 
8  34  zo 
8  3S     3 


9  39  ij 
9  41  I 
9  41  IS 
9  54  '8 


46  37 
.0  48  iz 
10  S3  3* 


+  13  17-4 

-  9  337 

+  8  32'3 

+  11  S7'9 

+  8  37-1 

+  »3  4'-6 

+  23  sg'4 


+  '7  367 

~S9  465 

+  19  "5> 

-47  a' 

+  19  14-3 

-»7  49"5 

+  3  i7'+ 

-  8  44*9 

+  M  I+-6 

-S!  3'-: 

-;6  14-8 

-44  45' 

-61  ZO'O 


-58  4'='8 
+  19  11-; 
-69   347 
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Mean  Placa  of  VanohU  Start  for  1397-0  (costinaed). 


T  TJrwe  Maj.  .. 

EVirpnis 

B  MuenB 

S  Ursie  Maj.  ... 

UVirginiB 

S  Orucia 

WVirginiB 

VVir^niB  

BHySrlB    

S  Virgini"   

Z  Centiuiri 

TCentauri 

WHjdwe  

B  Oanum  Tea.  . 

B'YirginiB 

Z  Tirginii   

B,  Centauri 

YBoBtia 

XBooiiB 

SBootis  

a'Ti.Bi°i« 

B  OainelopBrdi . 

VBootia 

BBootdi 

TLibrn 

Hlupi 

UB(»tia 

Z  LibrsB   

TTriang-AuBlr. 

Tlflbrffi  

TLibne  

BTriang.Auatr. 
DCoraniE   .. 

S  Libra  

S  Serpeiitis .. 
8  Coronas    .. 

S'Lib™ 

V  Libra 

X  Librm 

WLibne 

ULibrai 

Z  LibriB 

T  Coronie   ,. 
BSer-peDtia.. 

BLibrm 

B' Libra 

S  TriBDg.  Austr. 
X  Harculia  ... 

Z  Soorpii 

B  Hercnlia ... 

W  Soorpii  ... 
B  Soorpii    ... 

W  Opbiuabi 


+60     J-, 

+  7  33"3 
-68  so-J 
+  6,  39.4 


[3  10  43 

[3  II  ig 

[3  17  37 

ij  34  6 

13  35  51 

I J  43  '3 

■3  4-+  31 

'J  59  »S 


'4-  34  38 
14  +6  3° 
14  49  34 


rS  30  16 
5  3»  I 
5  36  3 
:S  40  31 
■S  45  5' 
S  4S  57 
S  47  4° 
S  !°  19 
S  5'   56 


4-39  51*9 

-'5  SS-S 

3  »3-, 

+  47  3'" 

-II  17- 

-18  38-9 


..  VOphiuchi 

.  D  IleroiiliB... 

..  Y  Scorpii    ... 

..  T  OpIiiuoM... 

.  S  Ophiuchi... 

,  K  Ara 

..  WHemiliB... 

.  YHnroiilia... 

.  B  DraconiB 

..  S  HercuUg  ... 

I.  8'  Scorpii    ... 

.  B' Soorpii  ... 

.  BOphiuchi... 

,  W"  Scorpii... 

.  U  Ophiuchi . . . 

.  Z  Opliiuclii... 

■.  D'  Bcotpii  ... 

.  XS^ltarii 

.  Y  Ophiuchi... 

.  Z  Heroulia  ... 

.  W  Saeittarii 

.  THeraulii  ... 

.  YSagittarii... 

.  V  Sagittarii 

,  T  BerpBntia... 

.  D  Sagittarii 

.  X  Ophiuolii 

.  BSouli    

.  ff  LfT.TS      

.  itPaTonia    ... 

.  BLjrsB    

.  R  OoroQ.  AuB 

R  AqwlllB    ... 

,  V  Lyra   

.  W  Aquili^'  '..'. 

.  T  Sagittarii 

.  RSagitUrii 

.  B  Sagittarii... 

.  Z  Sagittarii... 

.  TSagitto    ... 

.  U  AquiliB    ... 

■  KCygni 

.  T  Rivonia   ... 

.  T'Ojgni 

.  a  VulpeoiJoi 

.  XAquite 

■  X  OjK"i  

.  I)  Aquiln 

.  B'  Sagittarii 

,  SSagittffi    ... 

,  B'  Aquilm  ... 

■  ZCygni  

.  S  Oygui  

,  BCapriooroi 


16  3.  .. 
16  31  34 
.6  3<    51 


iS  46   17 

I S  46  10 

IS  SI    ,7 

lE  54  56 


-i-33   '4-6 


9  ^3  49 

9  34     3 

19  39   11 

19  40  4^ 

19  44  1 

19  46  1 

19  46  37 

19  47   14 

19  49   31 

19  ; I  JO 

19  51  IS 


+  17  »7"S 
-  7  15*3 
+4-9  58-1 


-1-49  4S"4 
+  S7  41 '4 
-1+  14"S 


Sflr  Table  ofSeueVi  Mean  SifraeHoiu.     [No.  348. 

3f«an  Ftaea  of  VariahU  Stan  for  i897'o  (continued). 


»«. 


a»9. 


.36 


W  Cnpricorni. 

RSagittB   .... 

ZAquil« 

EDeliihini.... 

V  Cygni 

WDaiphini.... 
R  HJcroBcopii. 

TOygni  

SlMtilmii..., 


T  Sefpbini .... 

W  AqoRTii 

TAquarii   .... 

U  Oapriaami  . 

E'Ojgni 

VDelphini.... 

T  Aquarii   .„. 

UPntoni*  .... 

TVuIp«iul«  . 

y  Cygni 

B  VuIpeculiE  . 

V  Caprioomi  . 
.ji...  X  Oaprioorai  . 
1S9,   TOephd 


+  15  ig-9 
-"  »7-5 
+  16  14! 
-  6  17-9 
+  8  46-6 
+47  )4-> 
+  »7  SS-> 


4«7'6 


T  Capricomi  .. 
y  Caprioorni  .. 

W  Cygni 

aCephoi 

L"Ogni 

BGruis  

U  Aquarii  

8  PiBoia  Aiutr. 

TPegari 

E  PiBoiB  Aurtr. 

X  Aquarii   

SGruii    

S  ]>icBrto    

JCephBi 

WCepboi   

B  Lorartie  

SAquflrii    

BPegMi 

T  Csuiopeiie  . 

EAqiisriV'"!! 

VCephei 

VCeti 

R  CntsiopeiB  . 


ffCeU    , 


S  J5'6 
-.,  »s-8 
+44  S4'9 
+78     9'* 

+53  srj 

.47  iiS 

■17   r* 


-30  7-t 
-It  14-9 
-+8  S77 
+  39  *Ti 
+  S7  SV3 
+  57  SY7 
+4'  49'9 
-lo  sj-6 
+  9  S9"1 
+  S9  7-5 
+  !  «r4 
-IS  5>-3 
+  Bi  J7-I 
-  9  31-0 
+  S0  48-9 
-ij  41-9 


TABLE  OF  BBSSEL^  MEAN  EEFEACTI0M3. 


Z.D. 

Hub 

Berractioii. 

2.D. 

HWD 

Z.D. 

Mean 

Refraction. 

2.D. 

H«>n 
Befnction. 

I 

'       o-o 

.S 

68 

7°8 

ss 

09 

I     19-3 

79 

4     *8-5 

1     397 

70 

30 

!r3 

35 

+0-4 

61 

1     SS! 

40 

48-4 

63 

I     5i-< 

73 

Hi 

T      "97 

45 

577 

64 

■     57-8 

J     .8-6 

H 

9    465 

5° 

7'; 

1     3'i 

5* 

«6 

3    47  4 

54 

I     19-3 

»    i5» 

77 

4      4'9 

1897;] 


Variables  of  iSftor/  Period. 
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VAEELBLES  OF  SHOET  PERIOD  NOT  OF  THE  ALGOL  TrPE. 


ff 


(The  No.  after  Star's  Name  refers  to  Catalogue  on  pp.  24-46.) 

Jbie.'^TbeiiaiM  c£  minima  only  are  giren ;  ihe  times  of  maxima  may  be  found  by  adding  the  intei 

{Hrintod  under  the  name  of  the  star. 


T  MOHOCOBB.  53. 

(7«  22  Ji*.) 

Sept. 


Jsn. 

d  h 
21  16 

Peb. 
18  x6 

Mar. 

17  16 

Apr. 
13  17 


May 

d    h 
10  17 

June 
6  17 

Julj 

3  18 
30  18 

Aug. 
26  18 


d    h 
22  18 

Oct. 
19  19 

Nov. 
15  19 

Dee. 
12  19 


f  OBimroB.  57. 

(5-  c^.) 
May 
d    h 

i     7: 

12    IC 
22   14 


Jan. 

d  h 
10  14 
to  18 

30  21 


Feb. 

10    I 
10    5 

Kar. 

2  8 
12  12 
22  16 

Apr. 
I  20 


Oct. 

d    h 

I  14 

II  18 

21  21 


Jime 
I  x8 

Aug. 

I  16 
II  20 
21  23 

Sept. 

I     3 

11  23  I II     7 

22    3J21  10 


Nov. 


I 
II 


21     8 


Deo. 

I  12 
II  16 
21  19 

31  23 


WViBonris  iii 


(pontinued). 


Apr. 
d    h 

14  12 

May 

2    4 
19  II 

June 


5 
23 


17 
o 


July 

d    h 
10    6 

»7  IS 
Aug. 

13  19 
31  * 
Oct. 

4  15 

21  22 


Nov. 

d    h 

8    4 

25  II 

Deo. 

12  17 

30    o 


XSagittab.  177. 


Feb. 

d  b 
2  6 
6 

7 
7 


9 
16 

*3 


(2«»2lh.) 

May 

d  h 
18  10 
25  II 

June 


VTiHGnris  iii. 

Feb.     Mar. 
d    h 


Mar. 

a    7 

9     7 

16     8 

23     8 
30     8 


Apr. 
6    9 


Jan. 

d    h 

I    7 
it  13 


4  20 
22     % 


d  h 
II  9 
28  15 


13 

20 

27 


9 
9 
9 


May 

4  10 
II  10 


I  II 

8  II 

15  II 

22  12 

29  12 

July 

6  12 

13  13 
20  13 

*7  13 
Aug. 


Sept. 

d    h 

7  15 
14  15 

21  15 

28  16 

Oct. 


5 

12 


16 
16 
19  17 
26  17 


Nov. 


3 
10 

17 


13 
14 


9 
16 

23 
30 


17 
17 
18 

18 
18 


TOPHIUOHI178. 
(6-  5*^) 


Jan. 

d    h 

X  »3 
19    2 

Feb. 


5 
22 


Mar. 

II  II 

28  14 


Apr. 

d     h 

14  17 

May 

I  20 

18  22 

June 

5     I 
22    4 

July 

9     7 
26  10 


Aug. 

d  h 
12  13 
29  16 


Sept 
15  19 

Oct. 

2  22 
20     I 


WSaoittae.iSo. 


Jan. 

d    b 
24  18 

Feb. 


(3-  o^) 

May 
d    h 


I 

8 
16 

24 


9 
23 
13 

3 


3 
It 

18 

26 


12 

2 
16 

7 


24  14 
3»  »5 


Dec. 


Mar. 

18 

8 

22 


3 
II 

18 

26 


12 


Apr. 


3     3 
10  17 

18     7 

25  22 1 


7  I9l'8     7  17  20 
14  19125  22125  lol 


June 

2  21 
10  II 
18     I 

25  16 

July 

3  6 
10  20 
18  10 

26  I 

Aug. 

'5 
5 


2 
10 


Sept. 

d    h 

2     o 

9  H 

17    5 

24  19 

Oct. 
2    9 

9  23 
17  14 

25  4 

Nov. 
I  18 

9     9 
16  23 

24  13 
Dec. 


YSagittak.  182. 


Jan. 

d    h 
23 
29 

Feb. 


22 
16 


May 
d    h 

13  14 
19    9 

25     3 
30  22 


) 


4 
10 
16 
21 

27 


II 

5 
o 

18 
13 


Mar. 

5  7 
II  2 
16  21 
22  15 
28  10 

Apr. 


3 
8 


4 

23 
14  17 

20    12 

26     6 
May 


June 

16 

II 

6 


5 
II 

n 
23 

28 


0 

19 


July 


4 
10 

16 

21 

27 


13 

8 

2 
21 

15 


2 
7 


I 

20 


Aug. 
2  10 

8     5 
13  23 

19  18 

25  12 

31     7 


Sept. 

d    h 
6 
II 

J7 
23 
*9 


I 

20 

14 
9 

4 


Oct. 


4 
10 
16 
22 
28 

N 

2 
8 

14 

20 


22 

17 
II 

6 

0 

ov. 

19 
13 

8 
3 


25  21 

Dec. 

I  16 
7  10 


USagittae.  185. 


Jan. 

d    h 
12 
6 


(2-  23^) 

Mar. 
d    h 


U  Sagittab. 


22 

29 


Feb. 

5 


II 

18 

25 


o 
18 
12 

6 


4 
10 

17 
24 


o 

17 
II 

5 


30  23 

Apr. 

6  17 
13  II 


Apr. 

d  h 
20  5 
26  23 

May 

3  16 
10 

'7 
23 
30 


(coniinued) 


June 

d    h 
6  10 

13     4 
19  22 

26  15 

July 

3     9 
10     3 

16  21 

23  15 

30    9 


Aug.  1 

d 

h 

6 

3 

12 

20 

19 

14 

26 

8 

Sept., 

2 

2 

8 

20 

15 

H 

22 

8 

29 

2 

I 
I 

2 


fi  Lte^  18 


(Max.  3**  5**. 

Secondary  Mi 

6«»  ii\ 
Max.  9**  16^, 

Jan.  I  May 


d  h 

4 
2 
31     o 


5 
ig 


10 

4 
22 

16 


Feb. 

12    22 

25   20 


Mar. 

10  18 
23   16 

Apr. 

514 
18  12 


S 

d 

2C 


d    h 

I  10 
14  8 
27     6 

June 
9    4 

22      2 

July 

S  o 
17  22 
30  20  24 


3 
16 

29 


N 


II 


Aug. 
12  18 


25 


i6li 


D 
6 


28    Variables  of  Short  Period.— Maffnetie  Elements.  [No.  248. 
Yabiables  of  Short  Period  (eontlntud). 


V  AlQVILJR  20I. 
(2-  4*".) 


Feb. 
d  h 

+ 
[I 

'9 
i6 


22 

23 
O 
O 


Biar. 


5  1 

%    I 

9  * 
3 


16 


Apr. 

3 

4 
4 
5 

to  5 

May 

7  6 


1 

9 
6 

'3 


May 

d  h 
21  7 
28  8 

June 

4  8 
II  9 
18  9 


10 


July 
2  II 

16  12 
23  12 

30  13 

Aug. 

6  13 
13  14 
20  15 


4  71^7   15 


Sept 

d  h 

3  16 

10  16 

17  17 
24  17 

Oct. 

I  18 

8  19 

15  19 

22  20 

29  20 

Nov. 
5  21 

12  22 
19  22 
26  23 


If  Aquilje  208. 

(2«»  6\) 


F»b. 

Mar. 

d  h 

d  h 

7  «9 

I  8 

S  0 

8  12 

i*  4 

IS  17 

Mar. 
d  h 

22  21 

30   I 


ri  AQUILiS  208 

(continued). 
Apr. 
d  h 


6 

13 
20 

27 


5 
9 

14 
18 


May 

4  22 
12  2 
19  7 
26  II 


June 

9  19 

17  o 

24  4 


July 

d  h 

I  8 

8  12 

15  16 

22  21 

30  I 

Aug. 

6  5 

13  9 

20  14 

27  18 
Sept. 


3 
II 

18 


22 

2 

7 


Oct 

d  h 
2  15 

9  19 
16  23 

24  4 

31  8 

Nov. 

7  12 
14  16 
21  21 
29  I 

Deo. 

6  5 
13  9 

20  14 


25  11I27  18 


S  Sagitt^  210. 


(3^  lo^) 


Jan. 

d  h 
26  7 

Feb. 
3  16 

12   I 

20  10 

(28  19 


Mar. 

d 

h 

9 

5 

17 

14 

^5 

23 

Apr. 

3 

8 

II 

17 

Apr. 

d  h 
20  3 
28  12 

May 

6  21 
15  6 

*3  15 


S  Sagiitjs  210 

(continued). 


June 
d  h 


I 

9 

17 

26 


o 
10 

'9 

4 


July 

4  13 
12  22 

21  8 

29  17 


Aug. 

d  h 

7  2 
15  II 
23  20 

Sept. 

I  6 

9  15 

18  0 

26  9 

Oct 

d  h 
4  18 

13  4 
21  13 
29  22 

Nov. 

7  7 
15  16 

24  2 

Dec. 
2  II 

10  20 


X  Cygni  225. 

(6«>  I9»».) 

Sept. 

d  h 
14  4 
30  13 

Oct. 
16  23 

Nov. 

2  8 
18  17 

Dec. 

5  2 
21  12 


Jan. 

May 

d  h 

d  b 

11  9 

6  2 

27  19 

22  II 

Feb. 

June 

13  4 

7  21 

24  6 

Mar. 

July 

I  13 

10  15 

17  22 

27  0 

Apr. 

Aug. 

3  8 

12  10 

19  17 

28  19 

T  VuLPEC.  234. 

Sept. 

d  b 

4  16 
9  2 

13  13 

17  23 

22  10 

26  20 

Oct 

I  7 

5  17 
10  3 

14  14 
19  o 

23  II 

27  21 

Nov. 
I  8 

5  x8 
10  5 

14  15 

19  2 

23  12 

27  23 

Dec. 


Jan. 

May 

d  h 

d  b 

3  16 

3  II 

8  3 

7  21 

12  13 

12  8 

17   0 

16  18 

21  10 

21   5 

25  21 

25  15 

30   7 

30  2 

Feb. 

June 

3  »7 

3  12 

8  4 

7  22 

12  14 

12  9 

17  I 

16  19 

21  II 

21  6 

25  22 

25  16 

30  3 

Mar. 
2  8 

July 
4  13 

6  19 

9  ° 

"  5 

13  10 

15  16 

17  21 

20  2 

22  7 

24  13 

26  18 

28  23 

31  4 

Apr. 

Aug. 

2  10 

4  15 

6  20 

9  I 

II  6 

13  II 

'5  17 

17  22 

20  3 

22  8 

24  14 

26  19 

29  0 

31  5 

2 

6 

II 

"5 
20 

24 
29 


9 

20 

6 
16 

3 

13 
o 


S  Cephei  253. 


Jan. 
d  b 


May 
d  b 


2  I 

5  " 

7  10 

10  20 

12  18 

16  5 

18  3 

21  13 

23  12 

26  22 

28  21 

June 

Feb. 

I  7 

3  6 

6  16 

8  14 

12  0 

13  23 

17  9 

19  8 

22  18 

24  17 

28  3 

Mar. 

July 

2  I 

3  " 

7  10 

8  20 

12  19 

14  5 

18  4 

19  14 

23  13 

*4  23 

28  21 

30  8 

Apr. 

Aug. 

3  6 

4  16 

8  15 

10  I 

14   0 

15  10 

19   9 

20  19 

24  17 

26  4 

30   2 

31  12 

Sep 
d 

5  2 
If 

16  I 

22 

27 


3 

9 

14 

20 

25 
30 


Magnetic  Elements,  Eotal  Obsebtatoet,  Geeenwioh. 

Tear.                          Declination.              Horizontal  force.  Dip. 

All                             o        i  o       « 

1870,  observed 19  53  west.                  0*1781  67  52 

1880,        „       x8  33    „                     0-1804  67  36 

J890,        ^       17  29    n                     0*1823  67  23 

1897,  inferred  16  46    ,,                    0*1835  67  13 

Tfa«  horifontal  force  is  given  in  0.  G.  S.  metiore. 
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MINIMA  OF  VARIABLE  STAES  OF  THE  ALGOL  TYPE. 

(The  figures  following  starts  name  are  the  Noe.  in  Catalogue,  pp.  24-26.) 


U  Cephei  10  *. 

(2«*  ii**49i".) 


Jan. 
d  h 


3 
8 


m 

o  35 
o  14 
12  23  53 
17  23  33 
22  23  12 
27  22  51 


Feb. 

I  22 

6  22 
II  21 
16  21 
21  21     7 
26  20  46 


30 

9 
48 
28 


March. 


20  25 
20    4 

13  19  43 
19  22 

19     2 

18  41 


3 
8 


18 
23 

28 


2 

7 
12 

17 
22 

27 


April. 

18 

17 
17 
17 
16 

16 


20 

59 

38 
17 
56 
36 


2 

7 

12 

17 
22 

27 


May. 

16  15 

15  54 

15  33 
15  12 

14  51 

14  30 


June. 


I 
6 
II 
16 
21 
26 


14  10 

13  49 
13  28 

13   17 

12  46 

12  25 


July, 
d    h   m 


I 

12 

4 

6 

II 

44 

II 

II 

»3 

16 

II 

2 

21 

10 

41 

26 

10 

20 

31 

9 

59 

August. 

5 

9 

38 

10 

9 

17 

15 

8 

57 

20 

8 

36 

*5 

8 

15 

30 

7 

54 

Sept 

<• 

4 

7 

33 

9 

7 

12 

14 

6 

51 

19 

6 

30 

24 

6 

10 

29 

5  49 

( 

Oct 

4 

5 

28 

9 

5 

7 

14 

4 

46 

19 

4  25 

24 

4 

4 

29 

3  43 

Nov 

• 

3 

3 

22 

8 

3 

2 

13 

2 

41 

18 

2 

20 

23 

I. 

59 

28 

1 

38 

Dec. 

I 
o 
o 
o 
22  23 
27  23 


3 
8 

13 
18 


17 
56 
35 
14 
54 
33 


Algol  27*. 
(2d  2o*>  49™.) 

Jan.  August 


d 

I 

6 

12 

18 

24 
29 

4 
10 
16 
21 

27 


h   m 

3  24 
21     2 

14  40 
8  18 
I  56 

19  33 

Feb. 
II 

49 

27 


13 
6 


o 
18 
II 


5 
42 


March. 

5  5  20 
10  22  58 

16  16  36 

22  10  14 

28     3  51 

April. 

2  21  29* 

8  15     7 
14    8  46 

20    2  22 

25  20    o 

June. 

25     I     7 
30  18  45 

July. 

6  12  23 
6    o 

23  38 
17  16 
10  54 


12 

17 
23 
29 


d 

4 
9 

15 

21 

27 


h   m 

4  3* 
22     9 

15  47 
9  *5 
3     3 


Sept 
I  20  41 
7  H  18 

13  7  56 
19  I  34 
24  19  12 
30  12  50 


12 

17 
23 

29 


Oct 

6    6  27 
o     5 

17  43 
II  21 

4  5« 


Nov. 
3  22  36 


9 

15 
21 

26 


2 
8 

H 
19 
25 
31 


22 
16  14 

9  47 

3  30 
21     7 

Dec. 

14  45 
8  23 
2     I 


19 

13 
6 


39 
16 

54 


X  Tatjri  31*. 


(3d  22^  52™ 


Jan. 

d    h    m 
3  23  53 


II  21 

19  »9 

27  17 


38 
22 
6 


4 

12 

20 
28 


Feb. 

12 

10 
8 


51 

35 
20 

4 


March. 

d    h 

5 

3 
I 

23 


8 
16 

24 
31 


m 
48 
33 

17 

2 


4 
12 

20 

28 


July. 

19  54 
17  39 
15  23 
13     8 


X  Tauri  31  • 
(continued). 


August 

d    h 
10 
8 
6 

4 


5 

13 

21 
29 


m 

5» 

36 
21 

5 


Sept 

6     I 
13  2^3 


21 
29 


21 
19 


50 
34 
18 

3 


7 
15 


Oct. 

16  47 

H  32 


Oct 

d    h 

23 
31 


12 
10 


m 

16 

o 


Nov. 


8 

16 
24 


7  45 
5  29 
3  ^4 


2 

9 

17 
25 


Dec. 
o  58 

22  42 
20  27 
18     II 


ECanisMaj.  6 it. 

ri  =  id  3^  i6°».  "I 

\2=2     6     31        J 

Jan. 


d 
I 

5 
8 

12 

15 
18 

22 

25 
29 


h 
18 

4 

H 

o 

10 

19 

5 

15 
I 

Feb. 


m 
57 
45 
32 

19 
6 

54 

41 
28 

16 


I 

II  3 

4 

20  50 

8 

6  38 

II 

16  25 

'5 

2  12 

18 

II  59 

21 

21  47 

25 

7  34 

28 

17  21 

March. 

4    3     9 

7  J2  56 

10  22  43 

14    8  31 


March, 
d 


17 
21 
24 

27 
31 


h   m 

18  18 

4    5 
13  52 

23  40 
9  27 


ApriL 


19  H 
5     2 

14  49 
o  36 

10  24 

20   20    II 
24      5    58 

27  15  45 


3 

7 
10 

14 

17 


May. 


I 

4 

7 

II 

14 
18 

21 

24 
28 


1  33 
II  20 
21     7 

6  57 
16  42 

2  29 

12    17 
22      4 

7  5' 


*  Alternate  minima  onlv  are  given ;  the  others  can  be  readily  found  by 
adding  the  interval  under  the  name  of  the  star, 
t  Kvery  third  minimum  only. 
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Minima  of  Variable  Stars  of  ike  Algol  Type  (continued). 


BGakis  Maj.  6it 

{ootUintud). 
Sept 

d    h  m 

♦    3  43 

7  ij  30 

10  23  x8 

U    9     5 

17  "  5» 

*>     4  39 
24  14  27 

28    o  14 


Oct 

1  10    I 

4  »9  49 

4    5  36 

II  15  23 
IS     I   10 

iS  10  58 
21  20  47 
6  32 
20 


»8  16 


Not. 

d   h  m 

127 

4  "  54 

7  21  42 

II     7  29 

14  17  16 
18     3     3 

21  12  51 

24  22  38 

28  8  25 

Dec. 
I  x8  13 

540 

8  13  47 

"  »3  35 

15  9  " 
18  19    9 

22  4  56 

25  14  44 

29  o  31 


8  Canobi  76. 


Jan. 

d    h  m 

3     3  " 
12  14  39 

22    2  16 
3«  «3  54 


Feb. 

IQ  I  32 
19  13  10 

March. 

I  0  47 
10  12  25 
20  0  3 

29  II  41 

April. 

7  23  18 
17  10  56 
26  22  34 

"Maj. 

6  10  12 

XS  ai  49 
»S  9  »7 

June. 

3  »«  5 

June, 
d   h   m 

13  8  43 
22  20  20 

July. 
2    7  58 

11  19  36 
21  7  H 
30  18  51 

Sept. 

6  17  22 
16  5  o 
25  16  38 

Oct. 
5    4  16 

14  15  53 
24    3  3> 

Nov. 

^  15    9 

12  2  49 

21  14  24 

Dea 

122 

10  13  40 

20    I  18 

*9  »»  55 


i  LiBBiB  132  *. 
(2*  7""  51") 


Jan. 

d    h   m 

1  23  10 

6  14  52 

11  6  J5 

15  22  18 

20  14    I 

»5     5  43 

29  21  26 

Feb. 

3  13    9 

8  4  52 

12  20  34 
17  12  17 
22  4  o 
26  19  43 

March. 

3  II  26 

838 

12  18  51 

17  10  34 

22  2  17 
26  17  59 
31    9  42 

April. 

5     «  as 

9  17    8 

14  8  50 
19    o  33 

23  16  16 
28     7  59 

May 

2  23  40 

7  15  24 

12     7     7 

16  22  50 

21  14  32 
26    6  15 

30  21  58 


June, 
d    h  m 

4  «3  41 

9  5  »3 
13  21    6 

18  12  49 

23  4  3* 
27  20  15 

July. 

2  II  57 

7  3  40 
II  19  23 
16  II     6 

21  2  48 
25  18  31 
30  10  14 

August. 

4  I  57 

8  17  39 

13  9  22 

18  I     5 

22  16  48 

27  8  30 

Sept. 
I     o  13 

5  «5  56 

10    7  39 

14  23  21 

19  15    4 

24  6  47 

28  22  30 

Dec 

5  10  20 
10    2    2 

14  »7  47 
19     9  28 

24     I   II 

28  16  54 


U  COBON-«  137  ♦ 
(3*  io*»  51™.) 
Feb. 

d    h   m 

5  "  57 

12  20  39 

19  18  21 
26  x6    3 


Jan. 

d    b    m 

2  10  27 

989 

16    5  51 

»3    3  33 
30    I  15 


U  COBONJB  137  ♦ 
(eonHnued). 

Angust. 

d    h  m 

4  II  II 

11  8  53 
18    6  35 

*5    4  17 

Sept. 

1  I  59 
7  23  41 

14  21  23 
21  19  5 
28  16  47 

Oct. 

5  14  *9 

12  12  II 

»9  9  53 
a6    7  35 

Not. 

2  5  18 


March. 

d 

h 

m 

5 

«3 

47 

12 

II 

»7 

«9 

9 

9 

26 

6 

51 

ApriL 

2 

4  33 

9 

2 

16 

15 

23 

5« 

22 

21 

40 

29 

19 

22 

May. 

6  17    4 

13  »4  44 

20  12  28 

27  10  10 

June. 

3     7  5* 

10     5  34 

17     3  16 

24    o  58 
30  22  40 

July. 

7  20  22 

14  18     5 

21  15  47 

28  13  29 


9 
16 


3    o 
o  42 

22   22   24 
29   20      6 


Deo. 

6  17  48 
13  15  30 
20  13  12 
27  10  54 


XJ  OPHITJCHIl74t. 

ri=o'»2o»^  8'»i 

\  2  =  1     16     16       V 

13  =  2    12   23     J 


Jan. 

d    h   m 
I  10  38 

4  19     9 
8     3  40 

II  12  II 
14  20  41 
18  5  12 
21  13  43 

24   22    14 

28    6  45 

31    15    16 

Feb. 

3  *3  47 
7    8  18 

10  16  48 

14    X  19 


Feb. 
d    h    m 

17     9  50 

20  18  21 
24  2  52 
27    II    23 

March. 

2  19  54 
6    4  25 

9  12  56 
12  21  26 
16  5  57 
19  14  28 
22  22  59 
26  7  30 
29  16    I 


*  AUvnato  minima  ohIt  are  giTon ;  the  others  can  be  readilj  found  Iqr 
i4faf  Ilia  intonal  under  the  namo  of  the  stBi. 

•  tiiird  minimom  only. 

fyuith  fpfff '*»«"»  only. 
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Minima  of  Vandhle  Stars  of  ihs  Algol  Type  (continued). 


TJ  Ophittohi  174  J 

{eorUimted). 


2 

5 
8 

12 


April. 

d  h  m 

0  32 

9  3 
17   34 

»  4 
JO  35 

18  19  6 

"  3  37 

25  12  8 

28  20  39 

liaj. 
2  5  10 

5  n  41 

8  22  12 
12  6  42 

^3  44 

8  15 

16  46 

1  17 


15 

18 


22 
29 


June. 
1  9  48 


4 
8 


18  19 
2  50 
XX  IX  20 

»4  19  S« 
18  4  22 

21  12  S3 
24  21  24 

a8  5  55 

July. 

I  14  26 

4  "  57 
8  7  28 

XX  15  58 

15  o  29 


July. 

d  h  m 

9  o 
17  31 

2  2 

xo  33 

X9  4 


18 

2X 

»5 

28 

3« 


August 

35 
6 


4  3 

7  " 

xo  20 

14  5 

17  X3 

20  22 


39 
7 

38 
9 


24  6  40 

27  X5  " 

30  23  42 

Sept. 

3  8  13 
6  x6  44 

>5 

45 
x6 

47 
x8 

49 

20 


XO   X 


«3 

16 


9 
x8 


20  2 
23  XX 
26  19 
30  4 


Oct 


3 
6 


12  5x 

2X  22 

'o  5  53 
13  H  24 
16  22  54 
20  7  25 
23  X5  56 
27  o  27 
30  8  58 


ZHbsouus  1791  J. 

{XSS2*  3'»  56«"| 
a=3  a3  49  ?• 
3=6     3    46    J 


Jan. 
d    h   xn 

X    X6   21 

9  16    o 

17  15  39 
25  X5  x8 


Feb. 

d   h   m 

2  14  57 

xo  X4  36 

x8  X4  15 

26  X3  54 


ZHIBOULI8  179  + 
(eontinued). 


Mareh. 
d    h  m 

6  13  33 

H  »3    a 

22  12  51 

30    12    31 

April. 

7  12  xo 

15  "  49 

23  XI   28 


May. 


X 

9 

17 
»5 


XI  7 
xo  46 
10  25 
xo    4 


June. 


2 
XO 

x8 
26 


9 
9 

9 

8 


43 

22 
X 

41 


X2 


July. 
4     8  20 
7  59 


July. 

d  h  m 
20  7  38 
28    7  X7 

August. 
5    6  56 

13 
21 

29 


6 

6 

5 


35 
H 
53 


»4 
22 

30 


Sept. 

6    5  32 

5  " 
4  51 
4  30 


Oct. 

849 

x6    3  48 

24    3  *7 


Not. 
X     3    6 

9 

17 
»5 


2 
2 
2 


45 

a4 

3 


W  DsLPHnri  22 1 1. 

rx=4«»  i9*»  21™  1 
\2=9    X4    42   ; 


Jan. 
d   h   m 

4  20  34 
X9    6  37 

Feb. 

2  16  4X 
X7    2  44 

March. 

48 

5» 


h  21" 
4» 
May. 

d  h  m 
14  X5  6 
»9 


X  xo 


June. 


12    IX 

26  2X 


13 
17 


3 
17 


12 
22 


April. 

X  8  55 
X5  x8  59 
30    5    2 


July. 

XX     7  20 
25  X7  24 

Aug. 

9    3  a8 
»3  13  31 


t  Srery  third  minimum  only. 
I  Krery  fourth  minimum  osuy. 


WDELPHINI221 1 

(continued). 

Sept 

d  h  m 
6  23  35 

2X   9  38 


5 

20 


Oct 

X9  42 
5  46 


Not. 

d  h  m 

3  »5  49 
t  53 


x8 


Pec. 

2  XX  56 
X6  22   o 

31  8  4 


T  CmNi  235 1. 

(  1  =  1*  2*»  2X™  \ 
]2  =  2  23  55  I 
I  3=4   2   X6   J 


d 

2 

8 

20 
26 


Jan. 
h  m 

3  18 

3  7 

»  57 
2  47 

»  35 


Feb. 


I 

7 
13 
>9 
»5 


2 
2 
2 

X 
X 


»7 

17 
6 

56 
46 


March. 

X  36 
X  26 
X  x6 

X 

o 


3 

9 

«5 

2X 

»7 


5 
55 


April. 


2 
8 

14 

20 

26 


o 
o 
o 
o 
o 


45 
35 
a5 
»5 
5 


May. 

I  13  54 

7  »3  44 

»3  »3  34 
X9  23  24 

25  23  14 
3«  »3  4 


June. 

d  h  m 

6  22  53 

12  22  43 

x8  22  33 

24  22  23 

30  22  X3 


July. 
6  22  3 

12  21 
X8  21 
24  2X 
30  2X 


5» 

42 

3» 
22 


August 

5  2t  X2 

XI  21   2 

17  20  5X 

23  20  41 
29  20  31 

Sept. 

4  20  2X 
XO  20  XX 

x6  20-  X 

22  X9  50 
28  19  40 

Oct 

4  19  30 
10  19  20 
16  19  8 

22  19   O 

28  18  50 
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Minima  of  Variable  Stars  of  the  Algol  Type  (continued). 


3 

9 

15 

21 

27 


y  Ctgni  235 1 

(continued), 

Dec 

d    h    m 

17  49 
17  38 


Not. 

d  h  m 
18  39 
18  29 
18  19 
18  9 
17  59 


3 

9 

15 
21 

»7 


17 
17 
17 


28 
18 
8 


S  ANTLIiE  82  §. 

Jan. 

Feb. 

d  h  m 

d  h  ra 

1  3  21 

9  0  57 

4  9  9 

12  6  45 

7  H  57 

15  12  33 

10  20  45 

18  18  21 

14  a  33 

22  0  9 

17  8  21 

15  5  57 

20  14  9 

28  II  45 

23  19  57 

17  I  45 

March. 

30  7  33 

3  17  33 

Po'j. 

6  23  21 
10  5  9 

a  13  i» 

13  10  57 

5  19  9 

16  16  45 

S  ANTLIiB  82  § 
{continued). 


March. 

d  h  m 
19  22  33 
23  4  21 
26  10  II 

^9  15  57 

ApriL 

I  21  45 

5  3 
8  9 

II  15 

14  20 

18  2 

21  8 

24 

27 


33 
21 

9 

57 

45 

33 
14  21 

20  9 


May. 

I  I  57 

4  7  45 

7  13  33 

10  19  21 

14  I  9 

17  6  57 


Maj. 

d  h  m 
20  12  45 

23  18  33 
27  o  21 

30  6  9 
June. 


5 
8 

12 

15 
18 

21 

*5 
28 


II  57 
17  45 
»3  33 

5  21 
II  9 

6  57 
22  45 

4  33 
10  21 


I 

4 
8 

II 

14 

17 


July. 

16 
21 

3 

9 

'5 
21 


9 
57 
45 
33 
21 

9 


S  Antli^  82  § 

{continued). 


July. 

d  h  m 
21  2  57 
24    8  45 

»7  14  33 

Sept. 
4  12    9 


7 
10 

14 
17 
20 

23 

27 
30 


17 
23 

5 
II 

17 
22 

4 
10 


57 

45 

33 
21 

9 

57 
45 
33 


Oct. 

16  21 
22    9 

3 

9 

15 
19  21 

23     3 


3 
6 

10 

13 
x6 


57 

45 

33 
21 

9 


Oct. 

d    h   m 

26  8  57 
29  14  45 

Nov. 

I  20  33 
5  2  21 
889 

"   13  57 
14  19  45 

18     I  33 

21     7  21 

24  13     9 

27  18  57 


I 

4 

7 

10 

13 

17 

20 

23 
26 

30 


Dec. 

o 

6 
12 
18 
23 

5 


45 

33 
21 

9 

57 

45 
II  33 

17  21 

23     9 

4  57 


X  Every  fourth  mmimum  only. 

§  Every  tenth  minimum  only ;  the  others  may  be  found  by  adding  multiples 
of  the  period  7**  46"»-8. 


MAXIMA  OF  U  PEGASI. 


Jan. 


d 
I 


4 
8 

II 


h  m 
3  22 
14  26 
I  30 
12  34 
14  23  37 
18  10  41 
21  21  45 
25  8  49 
28  19  52 


4 
8 

II 

15 

18 

22 


Feb. 

6 
x8 

5 
16 

3 


56 
o 

4 

7 
II 


14  15 
I  19 


April. 

June. 

August. 

Oct. 

Dec. 

d  h  m 

d  h  m 

d  h  m 

d  h  m 

d  h  m 

II  12  II 

2  10  7 

3  17  15 

I  13  19 

2  20  26 

14  23  15 

5  21  II 

7  4  19 

5  0  22 

6  7  30 

18  10  19 

9  8  15 

10  15  22 

8  II  26 

9  18  34 

21  21  22 

12  19  19 

14  2  26 

II  22  30 

13  5.37 

25  8  26 

16  6  22 

17  13  30 

15  9  34 

16  16  41 

28  19  30 

19  17  26 

21  0  36 

18  20  37 

20  3  45 

23  4  30 

24  II  37 

22  7  41 

23  14  49 

26  15  34 

27  22  41 

25  18  45 

27  I  52 

30  2  37 

3»  9  45 

29  5  49 

30  12  56 

May. 

2  6  34 

5  17  37 

July. 

Nov. 

3  13  41 

Sept. 

I  16  52 

9  4  41 

7  0  45 

3  20  49 

5  3  56 

12  15  45 

10  II  49 

7  7  52 

8  15  0 

16  2  49 

13  22  52 

10  18  56 

12  2  4 

19  13  52 

17  9  56 

14  6  0 

15  13  7 

23  0  56 

20  21  0 

17  17  4 

19  0  II 

26  12  0 

24  8  4 

21  4  7 

22  II  15 

29  23  4 

27  19  7 

24  15  II 

25  22  19 

31  6  II 

28  2  15 

29   9  22 

25    12   22 
28    23    26 

Every  fifteenth  maximum  is   given;   the  others  may  be  found  by  adding 
multiples  of  the  period  s^  32"*3i 


MAXIMA  AND  MINIMA  OF  VAEIABLE  STAES. 

The  No.  refers  to  Catalogue  on  pp.  24-26 ;  M  signifies  maximum ;  m,  minimum. 


6 

10 

12 
13 

16 


17 
18 

21 

22 
23 

»5 


26 

17 
28 

»9 
31 


January, 
d    No. 
I  261  M 
,55  M 

170  M 

13  M 
69  M 

114  772 
222  M 
212   m 

127  m 

144  M 
229  M 

59  M 

39  m 

33  M 

96  m 

16  M 

157  M 

198  M 

108  M 

14  M 
35M 
89  m 

258  M 
6  m 

63  M 
5M 

68  M 
118  m 
190  M 

36  M 

86  M 
264  M 
194  M 
116  m 
236  m 

19  m 
197  m 

58  m 
138  M 

204  M 
240  M 
255  M 
233  M 
217  m 
181M 
209  M 

89  M 

February. 

29  m 

205  m 
42  M 

259  M 
152  M 

145  M 
156  M 

3  M 

92  M 

160  m 

166  M 

129  M 

105  m 

63  m 

190  m 

62  m 

131  M 

162  M 


6 

7 
8 

9 
10 

II 

14 


February 

April 

May 

(con.). 

{con.). 

{con.). 

d 

No. 

d  No. 

d 

No. 

16 

168  m 

2 

8  m 

17 

96  M 

17 

227  M 

3 

257   772 

63    772 

60  M 

46    771 

88    772 

18 

192  M 

6 

232    771 

18 

141  M 

143  m 

10 

243  M 

190   772 

87  m 

205    772 

20 

258    772 

20 

97  M 

11 

217    772 

4    772 

89    772 

89  M 

37  M 

21 

242  M 

12 

127  M 

•21 

230  M 

n 

207  M 

218  M 

222  M 

24 

21  m 

252  M 

261    772 

25 

238  m 

14 

199  M 

?2 

106  M 

26 

72  7;j 

55  M 

^3 

247  M 

2CO  m 

15 

14    772 

*S 

215    772 

175  M 

209  M 

26 

98  M 

121    771 

125  M 

28 

58  M 

27 

37    771 

244  M 

158  M 

112  M 

219    772 

240    772 

28 

205  M 

17 

200  M 

29 

105  M 

38    772 

30 

109   772 

March. 

18 

64   772 

2 

7  m 
102  M 

19 

20 

63  M 
113  M 

128    772 

June. 
4    63M 

(                  

3 

171  m 

250  M 

63  M 

156    772 

5       25    772 

186  M 

4 

22 

172  M 

216   772 

0 

89    772 

6 

152   771 

164  M 

6  206  M 

7 

^3 

145    772 

7    I?2    772 

169  M 
120  M 

24 

242   772 

190  M 

116    772 

217  M 

181    772 
121  M 

19  M 
23  M 

60   772 

203  M 

138    772 

8 

114  M 
116  M 

8 

89  M 
116M 

27 

10 

168  M 
139  M 

9 

91  M 
190  M 

1  r 

28 

II 

190  M 
248  M 

12 

13 
»4 
»5 

119  M 
215  M 
140  M 
224  M 

106   771 

29 

12 
14 

• 

15 

2   772 
236    772 

251  M 

220   771 

72  M 

16 

56  m 
I  M 

May. 

16 

«7 

205  m 

86   772 

142  M 

I' 

104  772 

30  M 

18 

222   m 

89    772 

20 

223  M 

49  M 

3 

213  M 

217    772 

22  M 

4 

108    772 

197  M 

21 

135  M 

5 

21  M 

89  M 

23 

134  M 

152  M 

22 

238  M 

45  M 

6 

237  M 

*3 

69  M 

124  M 

205  M 

24 

43  w» 

24 

78  M 

7 

212  M 

256  M 

260  m 

41    772 

»5 

263    772 

»5 

47  tn 

131    772 

26 

62  M 

26 

67  M 

18   772 

^7 

246  M 

4SM 

147  M 

28       85    772 

a? 

51  M 

8 

29  M 

89    771 

l6l    772 

July. 

28 

90  M 

9 

143  M 

2 

63  m 

^9 

236  M 

12    772 

242  M 

69  M 

10 

91    772 

3 

232  M 

24  M 

II 

226  M 

I9O   772 

30 

9M 

12 

204   772 

4 

202    772 

14 

183  M 

6 

6M 

April. 

15 

198    772 
239    772 

171  M 
217  M 

I     63  w 

II   M 

7 

14  M 

130  Ml     I126  ml 

60  M 

2I 

tQo  ml 

16 

8gM\ 

9 

262  M 

TOL.  XI, 


July 
(con.). 


d 

No. 

10 

195  M 

241  M 

22    772 

50    772 

44M 

II 

89   772 

8  M 

>3 

205  M 

»4 

181  M 

15 

173  M 

16 

33  ^ 

118  M 

18 

216  M 

»9 

155M 

166   772 

20 

20    772 

245  M 

63  M 

21 

74  M 

22 

99  M 

24 

96    772 

^5 

7M 

13    772 

104  M 

lOI   M 

26 

89  M 

16    771 

115  M 

190  M 

259    772 

27 

116   772 

70  M 

117  M 

28 

229  M 

30 

35  ^ 

144  M 

31 

128  M 

19   771 

August. 

143    772 

249  M 
124  m 
i'^^  m 
160  M 

222    772 

91  M 
65  M 

150  M 
56  M 

215  M 

71    772 

59  ^ 
121    772 

152  M 

106   772 

87  M 
138  M 
204  M 

66  772 

200  772 

21  772 

252  771 

131  M 
39  M 

97  m 

I236M 


8 


10 


13 


August 
(con.). 


d 

»4 
»5 


a5 


29 


30 

September. 
198  M 
258  M 

242    772 

153  M 
41  M 

'63M 

227    772 

48  M 
116M 

152   772 

5  M 

67    772 

10  190  M 
58aM 
79  M 
126  M 
219  M 
156  M 
211  M 
217  M 

60   772 

145  M 
69  M 

[8    127    772 

205  M 

19     89  ^ 

46  M 
260  M 

21  148  M 

146  M 

22  257  M 

77  M 
214  M 

23    772 

47  M 

212   772 
238    772 

64  M 

200  M 

30    172    772 


20 


22 


29 


October. 
I  I  24  m 
6*^  m 

4\  ^9^ 


\- 


November 
(con.). 


25 


December. 


8 


27 


28 


34 


Double  Stars, 


[No.  248. 


DOUBLE   STAES. 


No. 


X. 

2. 

3- 

4- 

5- 
6. 

7- 
8. 

9- 

lO. 

I. 

2. 

'3- 

f4- 

^5- 
6. 

7- 
[8. 

[9. 

20. 

21. 

22. 

23. 
24. 

25. 

26. 

27. 
18. 

19. 

to. 

;x> 

13- 

15- 
|6. 

17. 
18. 

19- 
40. 

41. 

42. 

43- 
44- 
45- 
46. 

47. 
48. 

49. 

;o. 

)2. 

;3. 
;4. 

:5. 
;6. 

►7. 
;8. 

^: 


Star's  name. 


2  3062   

2  13   

02  12,  X  Cassiop 

OS  18 

13  266 

2  60.  ]|  Cassiop 

02  20,  66  Piscium    ... 

2  73,  36  AndromedsB  . 

2  113,  42  Geti  

2  138     

p  Eridani  

/3509 : 

2  202,  a  Piscium 

2  205,  y  Androm.  AB. 

2228      

2  305     •• 

2  333,  e  Anetis 

02  50    

^530 

2  412,  7  Tauri 

2  422 

2425 

2  460 

02531  

2  518,  o'*  Eridani 

02  79,  55  Tauri    

S53S     •  • 

S572     

02  98,  f  Ononis   

2  742,  380  Tauri 

S  749     

2  93* 

2  945 

2  948,  12  Lyncis  AB  . 

Sinus. 

2  982,  38  Geminor. ... 

2  1037   

02  170  

2  1066,  d  Geminor. ... 

2  1074   

02  17s  

2  mo,  Castor 

02  182  

2  1187    

2  1 196,  Z  Cancri  AB  . 

it  it       AO   . 

„  „      BC  . 

/3»os 

2  1263   

2  1273,  e  HydrsB 

2  3121    

2  1348    

02  201   

2  1356,  tti  Leonis 

2  1389    

2  1417    

02215,  P.  X.  23    

2  1424,  y  Leonis  

02218   

02  224  


B.A. 

1900. 

h     m 

0    0-9 

0  10*3 

0  26-4 

0  37'a 

0  39-1 

0  43  0 

0  49*a 

0  50*1 

I   143 

I  30-8 

I  357 

I  38-2 

I  568 

I  57-8 

»     7-3 

2  41*8 

»  53-5 

3     1*5 

3     9*1 

3  28-5 

3  31-8 

3  33-8 

3  53a 

4    0-5 

4  IO-6 

4  I4"2 

4  177 

4  322 

5     2-4 

5  30*4 

5  30-9 

6  28-5 

6  33*3 

6  37-3 

6  40*6 

6  49*0 

7     6-6 

7    12*2 

7  H'l 

7  15*4 

7  277 

7  28-2 

7  47'4 

8     yi 

8     64 

8*28*8 

8  38-6 

8  41-5 

9  "9 

9  19*2 

9  i8-o 

9  231 

9  45'3 

10    9-5 

TO    IO'9 

10  14*4 

10    22*1 

10  34*5 

Dec. 

Maflf- 

Pos.- 

Dis- 

Epoch. 

Ob- 

1900. 

— o- 

angle. 

tance. 

1890+. 

server. 

0    1 
+57  52 

6i; 

'     7i 

0 
3320 

x-64 

5-86 

0. 

+76  24 

6i; 

7 

877 

0-92 

5-90 

0. 

+53  58 

6ii 

■     6i 

148-6 

0-58 

4-03 

B. 

+  3  36 

7i; 

9i 

127-2 

i"47 

4-83 

B. 

+42  34 

9  ; 

r     9 

696 

x-39 

x-83 

^. 

+57  17 

3i; 

,     7i 

2029 

465 

57* 

M. 

4- 18  29 

6    i 

6 

335-0 

0-32 

5-90 

Ls. 

+23     2 

6  ; 

6i 

1 1-2 

118 

5-90 

U. 

-  I     3 

H. 

»     7 

3497 

x-68 

4-88 

Le. 

+  7     7 

7 

.     7i 

37*5 

X-5I 

5'9» 

Ls. 

—  56    0 

6 

;   6 

224-0 

7*35 

4-96 

S. 

+  8  53 

8  ; 

8i 

2575 

074 

5-91 

Lfl. 

+  2  17 

4   i 

.     5, 

320-2 

2-78 

5-85 

C. 

+41  51 

2i 

.     5i 

63*2 

10-33 

588 

U. 

+56  59 

6i 

;   7i 

66-9 

0-27 

6-09 

Ls. 

+  18  58 

7i. 

;    8 

315-9 

2-90 

6-o8 

Ls. 

+20  56 

5i. 

6 

202 -I 

1*34 

6-08 

Ls. 

+  71     4 

7 

;   7 

205-9 

x-27 

3-21 

M. 

+22  33 

9i 

»  10 

182-7 

1-68 

o-xo 

Le. 

+24     8 

6i 

;   7 

204-5 

0-30 

6-08 

Le. 

H-  0  16 

6 

;    8 

247-1 

6-19 

5-90 

C. 

+  23  42 

7i 

8 

927 

3-00 

4-19 

M. 

+80  25 

6  ; 

7 

438 

0-96 

3*21 

M. 

+  37  48 

7    i 

7i 

127-3 

2-45 

5-88 

Lb. 

-   7  49 

H. 

.  loi 

87-4 

2-32 

5*91 

0. 

+  i6  17 

H 

;    8 

87-9 

0*38 

0-67 

/3. 

4-xi     9 

7  ; 

8 

330-5 

2-07 

5-06 

Lfl. 

+26  44 

6 

;    6 

202*1 

369 

4*13 

M. 

+  8  22 

5i 

r    7 

i8i-7 

I'OI 

6'02 

M. 

+21  56 

7 

;    7i 

2588 

350 

5-i6 

M. 

+26  53 

H 

;   7i 

177-3 

0-86 

6*11 

Lfl. 

+  14  49 

8    , 

;     8 

328-1 

2-34 

3-18 

Le. 

+41     4 

7    • 

>     8 

269-0 

0-54 

3-24 

Le. 

+59  33 

6 

;    6i 

I20-2 

1-80 

6*07 

0. 

-16  34 

I     ; 

>  10 

189-6 

365 

6-82 

Sch. 

+  13  18 

5i; 

;     8 

160-7 

6-77 

3-21 

Ls. 

+27  24 

7  ; 

;    7 

307-0 

I'OI 

6-08 

0. 

+  9  29 

7  ; 

7J 

II2'4 

0-74 

3-15 

Le. 

4-22  10 

3    • 

,     8 

205-3. 

6-89 

6-o8 

0. 

+  0  36 

l^ 

;   H 

133-8 

0-68 

6x8 

Le. 

+  31  10 

6     ; 

6i 

324-2 

I -02 

6-o8 

Le. 

+  32     7 

2     , 

.    3 

227-4 

5-70 

6-07 

Le. 

+  3  39 

8i  = 

•  !* 

31-6 

0-94 

6-27 

Ls. 

+  32  31 

7   ; 

,     8 

46-0 

2-17 

6-15 

Ls. 

+  17  59 

5i; 

;    7- 

i8-x 

x-03 

6-18 

lie. 

5t  ' 

,     6, 

116-3 

5*22 

6-18 

Ls. 

7i; 

6* 

128-9 

5-50 

6-i8 

Ls. 

—  24  16 

7    i 

7 

252-6 

0-3 

3'20 

S. 

+42     4 

7i; 

8 

20-6 

51-42 

5-30 

Ls. 

+  6  50 

4  i 

7 

23i'4 

3-68 

5*23 

Ls. 

+29     0 

7i; 

;   7i 

194*5 

0-68 

6-15 

Ls. 

+  6  50 

7ii 

7i 

322-0 

1-77 

6-20 

Ls. 

4-28  20 

7  ; 

>  II 

221-6 

x-34 

6*22 

Ls. 

+  9  30 

5i; 

7 

IO8-O 

0-56 

6-19 

Ls. 

+  27  29 

8    • 

,     9 

309*5 

2-48 

6'20 

Ls. 

+  19  40 

8,- 

;    H 

2577 

2-56 

2-29 

M. 

+  18   15 

6: 

;    7 

209-2 

0-82 

6-24 

Ls. 

+  20  22 

2 

;    4 

1x5-6 

3-63 

6-3, 

Ls. 

+  4     5 

7 

;   9 

740 

1-04 

6-30 

Ls. 

+  9  22 

7 

;    9 

3»3-4 

0-40 

6-26 

Ls. 

1897.] 


Double  Stars. 
Double  Stabs  (continued). 


35 


No. 


6i. 
62. 
63. 

64. 
65. 
66. 
67. 
68. 
69. 
70. 

71- 

72. 

73- 

74- 

75- 
76. 

77- 
78. 

79- 
80. 

81. 

82. 

83. 

84. 
85. 
86. 

87. 
88. 

89. 

90. 

91. 

9». 

93- 

94- 

95- 
96. 

98. 

99. 

100. 

lOI. 

X02. 
X03. 
104. 
X05. 
X06. 
107. 
X08. 
109. 

IXO. 

III. 

1X2. 
113. 

"4. 

115. 


Starts  xuune. 


02  229  

S  Z523,  (  UnuBMaj.  . 

S  1536, 1  Leonis  

02  235  

S  1606   

S  1647,  X9iyirgini8... 
2  1670,  y  Yirginis   ... 

2  X687,  35  Corns 

P  112 

02266  

2  I757»  P.  xiii.  "7  ••• 
2  X768,  25  OaD.  Yen.  . 

2  1785    

2  X788   

2  x8x9   

2  1865,  (Bootis  

2  1877,  e  Bootis   

2  1879   

2  x8g8, 1  Bootis  

^31    

02287  

/3ii9 ■' 

/3  3SO 

2  1932,  x  Cor.  Bor. ... 

2  X937,  J|  Cor.  Bor. ... 

2  X938,  /i^  Bootis 

02  298  

2  1967,  7  Cor.  Bor,... 

02  303  

2  1998, 1  Scorpii 

2  2032,  ff  CoronsB 

2  2055,  ^  Ophiuchi ... 

2  2084,  Z  Heroolia   ... 

2  2107,  167  Herculis  . 

2  2x40,  a  Herculis  ... 

2  2x73,  221  Ophiuchi 

02338 

2  2262,  r  Ophiuchi  ... 

2  2272,  70  Ophiuchi  . 

02  358  

/3  648 

7  CoronsD  Aust 

/3  248 

22579,  ^Cygni    

2  2695   

j3  15X,  /3  Delphini    ... 

22729   

2  2799   

2  2822,  fji  Cygni    

2  2909,  Z  Aquarii 

2  2944,  AB  

02  483,  52  Pegasi 

/379    

i8  8o   

02  547  


E.A. 
X900. 
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X 

I 
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2 
2 
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2 
2 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 

S 
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5 
6 

6 

6 

6 
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7 

7 

7 
8 

8 

8 

9 

9 

9 
20 

20 
20 
21 
21 
22 
22 
22 

as 

23 
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42-3 

X2*9 

187 

267 

57 

»S'5 

367 
48-1 

55*» 
23*6 

293 

33*2 

44*5 

49*7 
xo-3 

36-3 
40*6 

41*3 
467 

47-8 
47 '9 

O'O 

8-2 
14*0 

191 

207 

324 

38-5 

56*2 

58-8 

xrx 

25-8 

37*5 
47-8 

lO'I 

^5-5 

47*4 
57*6 

04 

31-3 

54*2 

CO 

13-4 
41*8 
277 
327 

463 
23-9 

397 

237 
427 

54-2 

ii'S 

13-2 

0-4 


Dec. 
X900. 


38 
6 

5 

38 

27 
x6 

54 
48 

X 

14 
12 


34 
36 
10 

30 

4 

31 

9 
20 

36 

xo 
13 


o 

+41 

+32 

+11 

4-61 

+40 

+  10 

-  o 

+  2X 

+  19 
+  16 
+  o 
+  36   48 

+27    29 

-  7 
+  3 
+  14 
+  27 
+  10 

+  19 

+  '9 

+45 

-  6 

-27 
+27 
+30  40 
+37  22 
+  40 
+26 

+  13 

-  ix 

+  34 
+  2 

+31 
+28 

+  H 

-  o 

+  ^5 

-  8 

+  2 
+  16 

+  23 

-37 
+22 

+44 
+25 

+  X4 

-  5 
+  10 

+28 


—  o 

—  4 

+  11 

—  2 

+  4 
+45 


8 
36 

33 

5 

7 
12 

47 

50 

30 

59 
21 

IX 

32 
54 
39 

12 
51 

53 
28 

»5 

59 
38 
18 

32 

45 
12 

9 

53 
16 


Mftff 

POB.- 

Dis- 

Bpoch 

"-©• 

angle. 

tanoe. 

1890+. 

6 

;    7 

3229 

/I 
083 

a'44 

4  ; 

;    5 

170*6 

200 

6*31 

4i; 

.     7i 

59*6 

*'53 

6*34 

5i; 

.     7 

84-3 

0*97 

2*12 

^  ; 

»     7 

330-2 

1x0 

5'57 

7i; 

,     8 

2x9*6 

1*32 

3-36 

3  ; 

;    3 

153-2 

5*96 

6*36 

5 

,     8 

74-8 

I*IX 

6*34 

9 

;   9i 

292*0 

2*24 

6-4X 

7  ; 

>     8 

3391 

1-70 

6*41 

7i" 

;     8 

8o*o 

2*62 

3-42 

6 

;     8 

X44-X 

0-93 

5-51 

7i  = 

;     8 

263*2 

1*44 

6*38 

6i 

;    7i 

75*5 

2*60 

6*38 

7i 

;   7i 

185-4 

.•38 

4-52 

4 

;   4 

273*2 

0*20 

6*38 

3 

;   6^ 
8; 

326-1 

270 

646 

8 

144-8 

0-50 

6-38 

5 

;    7 

220-6 

2*83 

6-38 

8i 

;   9i 

194-5 

1-55 

6-37 

7 

;    8 

316-3 

0*85 

6-68 

8 

;    H 

307'x 

x-47 

2-35 

7 

;    H 

160*2 

1*15 

2*41 

H 

;   7 

321-8 

074 

6-36 

6 

;    6 

310*8 

0*41 

6*38 

6i 

;    7^ 

82*2 

0-92 

6*56 

7 

;   7* 

170*6 

1*03 

3-46 

4 

;    7 

1185 

o-6o 

6*45 

7 

;    7i 

138-4 

0*89 

6-35 

5 

;    5i 

215-3 

0-94 

6*46 

6 

;    6i 

2IO-6 

4-16 

6-45 

4i 

;    5i 

47-0 

1*40 

6*44 

3    : 

;    6i 

6-0 

0-53 

6*44 

7, 

;   8i 

292-2 

0-51 

648 

2i" 

,     6 

115-8 

4-93 

6-52 

6 

,     6 

336*4 

0*97 

6-54 

6i: 

;    H 

144 

0-72 

6-50 

5    i 

,     6 

253*9 

I  84 

3-47 

4   i 

;    6 

290-2 

2-o8 

6-62 

H 

;    7 

195-3 

x-98 

6-50 

6  ; 

.    9 

233-4 

x-26 

656 

5i 

.    5i 

164-0 

1-03 

471 

6  ; 

9 

125-4 

1-86 

0-63 

3    1 

;   8 

303*8 

175 

6-80 

6  ; 

>     8 

76-3 

X12 

662 

3^ 

'   5t 

3387 

0*20 

5*81 

6| 

;    6t 

X9I-8 

0*20 

5-81 

7    : 

;   7J 

1 1 9*4 

1*22 

5-7a 

4 

;   5 

123*2 

2*91 

575 

4 

;  4 

3227 

3-31 

6-86 

7 

;   7i 

255-5 

350 

2-76 

6     : 

;   7i 

2i6*9 

1*10 

1*29 

8 

;     8r 

94*6 

0*88 

»-54 

8 

•    ^ 

325*1 

0-64 

485 

8 

;     8 

340*8 

4-30 

I  73 

Ob- 
serTer. 


M. 

La. 
Lt. 

li. 
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U. 
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M. 

M. 
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M. 
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U, 

M. 

L. 

L. 
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Lb. 

M. 

Lb. 
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Ls. 

M. 
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Ls. 
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M. 

Le. 

Ls. 
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S. 
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M. 

Ls. 
Ls. 
Lb. 
Ls. 
Ls. 
M. 
M. 
M. 
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In  the  column  headed  "  Observer,"  the  following  abbreviations  are  used : — 


L.      Leayenworth. 
Lb.    Lewis. 
Sch.  Schaeberle. 


/3.    Bumham. 
B.  Bijourdan. 


M. 
U. 


Maw. 
HaU. 


S.  Sellors. 
0.  Collins. 
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MEETING  OJ^^  THE  EOTAL  ASTRONOMICAL  SOCIETY. 

Friday,  December  ii,  1896. 

Dr.  A.  A.  Common,  F.R.S.,  President,  in  the  Chair. 

Secretaries :  Prof.  H.  H.  Tubnee,  M.A.,  B.Se.,  and 

E.  W.  Maundbe. 

The  Minutes  of  the  last  MeetiDg  were  read  and  coufirmed. 

Mr,  Maunder,  Since  the  date  of  the  last  Meeting  sixty-four 
presents  have  been  received  by  the  Society.  Among  these  are 
two  books,  biographies  of  two  past  Presidents  of  the  Society  now 
deceased.  Prof.  Charles  Pritchard  and  Sir  G.  B.  Airy.  The  former 
is  presented  by  Miss  Pritchard,  the  latter  by  Mr.  W.  T.  Lynn. 
There  is  also  a  scrap-book  of  letters,  drawings,  &c.,  relating  to  the 
Solar  Eclipse  of  i860,  made  by  J.  Bononi,  and  a  manuscript  book 
of  observations  of  the  same  eclipse  by  Prof.  Pritchard,  both  pre- 
sented by  his  executors.  We  have  also  among  these  presents  a 
book  on  Hindoo  Astronomy  presented  by  R.  Narayan  Rai,  a 
memoir  containing  observations  of  Mars  in  1883  and  1884  by 
Prof.  Schiaparelli,  and  seven  positive  enlargements  made  by 
Dr.  Weinek  from  lunar  negatives  taken  at  the  Lick  Observatory. 

The  President.  Dr.  Weinek's  addition  to  the  series  of  enlarge- 
ments of  photographs  of  the  lunar  surface  that  we  already  possess 
are  interesting  as  showing  just  about  the  limiting  scale  to  which  it 
is  possible  to  enlarge  photographs  with  advantage.  I  will  ask  you 
to  return  your  thanks  to  the  donors  of  these  presents. 

A  vote  of  thanks  was  accorded  unanimously. 

On  the  motion  of  Mr.  W.  B.  Gibbs,  seconded  by  Mr.  Inwards, 
Mr.  D.  Smart,  Mr.  C.  Thwaites,  and  Mr  A.  C.  D.  CrommeHn  were 
elected  Auditors  of  the  accounts  of  the  Society  for  the  past  year. 

Dr,  Johnstone  Stoney,  The  ephemeris  of  the  Leonid  stream 
which  I  now  present  to  the  Society  is  of  that  part  of  the  stream 
through  which  the  Earth  passed  in  1866,  and  is  intended  to 
enable  astronomers  to  make  their  first  attempt  next  spring  to 
photogi-aph  the  meteors  while  at  a  distance  from  the  Earth  in 
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n:  \*kV  o«t?ule  our  atmosphere.  Any  computation  which  can  he 
\MsL'  K*«J*  to  tho  conclusion  that  the  meteor-stream  is  excessively 
.1  v\  M*  that  no  one  should  be  discouraged  if  his  efforts  on  this 
^\v«n;oi»  HIV  unsui*cejssi'ul.  It  wiil  then  be  well  to  renew  the 
s  \;vvu«<*ut  in  1898,  when  the  stream  will  have  come  nearer  the 
S\;*'.  Noit  spring  the  stream  will  be  dravTi  out  to  an  apparent 
'■,■••  41  h  of  at  least  five  degrees  and  possibly  to  eight  degrees,  so 
■Sa!  I*'  it  ^*an  Ih»  photographed  at  all  it  ^dll  appear  as  a  stream 
A**\vcs  the  ]»hotographic  plate  and  about  20"  ^nde.  The  uncer- 
i,<tMiv  of  the  data  from  which  the  ephemeris  is  computed  makes 
'.  UtNsar^ihlo  that  a  full  field  on  each  side  of  the  track  indicated 
t^\  tK<»  ephemeris  shall  be  explored.  The  ephemeris  has  been 
\v«»iMUtH!  hv  Mr.  Wright  of  the  '  Nautical  Almanac/  under 
Pfs  !Vn\ning'H  direction.  It  is  probable  that  no  observation  will 
V  |Mvv\iMo  next  January,  owing  to  the  low  position  of  the  swarm 
\'»  ibo  eastern  sky  and  the  approach  of  dawn,  nor  in  the  middle 
o»  the  jiUiHHM'ding  mouths  on  account  of  moonlight ;  but  in  the 
^\«Hier  and  later  parts  of  February,  March,  and  April  everything 
will  U»  favourable  and  will  become  more  favourable  as  the  season 
a\ha»uva,  until  in  April  the  best  conditions  will  prevail.  Soon 
i^ltor  that  ts^ilight  will  be  troublesome.  There  may  be  only  a 
^ii^tant  ])ro8pe(t  of  being  able  to  photograph  the  meteors  outside 
\xur  atnM>8|)htTe,  but  it  seems  almost  an  astronomical  duty  to  make 
the  nttt^mpt,  and  it  will  be  made  under  favourable  circumstances, 
f\\r  Pr.  Isaac  Roberts  has  undertaken  to  be  one  of  the  astronomers 
who  will  try  this  experiment. 

/>i\  A,  A.  liamhaut.  Although  our  observations  this  year  in 
Ouhlin  of  the  meteors  which  form  part  of  the  stream  of  Leonids 
foil  far  short  oF  \>hat  we  hoped  for,  and  in  point  of  accuracy  and 
^Huupletene^s  left  a  great  deal  to  be  desired,  yet  I  think,  in 
\irw  of  the  fact  that  weather  conditions  prevented  observations 
at  a  great  many  stations,  our  observations  may  possibly  be  of 
value  and  ought  to  be  put  on  record.  Cloudy  weather  prevented 
t»hservations  on  the  12th.  On  the  13th  my  assistant,  Mr.  Charles 
Martin,  began  his  watch  at  12**  55"*  G.M.T.  At  that  time  the 
Mkv  was  cloudy,  especially  in  the  East,  and  a  thin  film  of  cloud, 
through  which  stars  could  be  seen,  was  spread  all  over  the  sky. 
This,  however,  b^^gan  to  c^ear  up  shortly  afterwards,  and  by  13^  55" 
liad  quite  disappeared,  so  that  after  that  time  observations  were 
made  in  a  clear  sky.  The  first  meteor  was  recorded  at  14**  16", 
and  was  followed  by  others.  The  last  meteor  was  noticed  at 
16**  14*"  G.M.T.  Shortly  after  this  clouds  began  to  come  up  and 
the  sky  was  con:pletely  overcast.  At  16*'  55"  the  watch  was 
discontinued.  The  tracks  of  these  meteors  were  plotted  down  by 
Mr.  Martin  upon  the  map  of  the  constellation  Leo  which  had  pre- 
viously been  prepared,  and  the  results  of  his  observations  are  intro- 
duced in  a  diagram,  a  copy  of  which  is  now  shown  on  the  screen. 

From  this  it  will  be  seen  that  they  were  not  numerous.  On  the 
followiDg  day  I  attached  a  camera  to  our  photographic  equatorial 


Jan.  1897.]         the  Royal  Astronomical  Society,  89 

telescope,  in  the  hope  of  getting  reoords  of  trails.     The  lens  was  a 
rapid  rectilinear  of  i^  inches  aperrure  and  about  84  inches  focal 
length.     The  size  of  the  plate  was  y^J  inches  by  5,  which  would 
have  covered  a  region  of  the  sky  of  about  50  degrees  by  33,  but 
not  a  single  trace  was  found  upon  the  plate  after  development. 
It  will  at  ouce  be  objected  that  the  aperture  was  too  pmall,  but  I 
did  not  hope  to  find  traces  of  any  but  bright  meteors;    yet  I 
confess  I  was  disappointed  that  some  of  the  brighter  ones  d.d  not 
leave  a  mark,  especially  as  we  saw  some  crossing  the  field  of  view 
covered  by  the  plate,  estimated  as  of  first  or  second  magnitude. 
This  may  be  of  some  use  in  affording  a  lower  limit  to  the  aperture 
which  may  be  used.     If  fainter  meteor-trails  are  10  be  obtained, 
apertures   considerably  larger  must   be  used.      This  experiment 
impaired  the  completeness  of  our  watch  on  the  second  evening, 
for  I  found  it   necessary  to  call  in   Mr.  Martin  to  help  me  in 
exposing  and  covering  the  lens.     The  observations  which  he  con- 
ducted, as  on  the  previous  night,  were  thus  three  times  interrupted, 
but  the  watch  continued  without  interruption  for  three  intervals  of 
an  hour  at  a  time.     The  results  are  given  in  a  table,  and  the  tracks 
are  shov\n  on  the  screen.     It  will  be  seen  that  the  trails  are  more 
divergent  from  a  single  point.     In  analy^ifig  these  observations  I 
have  counted  the  number  of  meteors  noticed  in  each  successive 
period  of  ten  minutes.     The  number  of  meteors  was  never  greater 
than  four  in  ten  niiautes.     At  first  sight  these  observa  ions  seem 
to  point  to  an  increase  in  the  number  of  meteors  on  both  nights 
in  the  interval  between  14**  30"*  and  16^  30°*,  which,  if  real,  would 
be  somewhat  difficult  to  account  for ;  but  I  think  the  apparent 
falling  off  in  the  point  of  numbers  towards  the  end  of  the  first 
night's  watch  was  possibly  due  to  the  coming-on  of  clouds  which 
preceded  total  obscuration,  and  on  the  second  night  the  light  of 
the  Moon,  which  set  at  about  14^  49™  towards  the  beginning  of 
the  watch,  and  the  small  altitude  of  the  constellation  Leo  to  some 
extent  conspired  to  render  some  of  the  meteors  invisible.     The 
increase  in  the  numbers  at  14^  40"*  on  November  13,  and  falling- 
off  at  16**  30™  on  November  14,  is,  I  think,  real,  and  it  seems  to 
me  that  the  deduction  from  these  observatibns  is  that  the  densest 
part  of  the  stream  was  encountered  in  the  interval  between  our 
two  watches,  and  in  fact  niay  have  occurred  during  the  daylight 
hours  of  the  14th.     I  understand  that  there  was  a  numerous  flight 
of  meteors  seen  at  one  or  two  stations  in  America.     IVom  the  tracks 
laid  down  by  Mr.  Martin  it  would  appear  that  the  meteor-trails 
of  the  14th  diverged  much  more  from  a  point  than  those  qf  the 
13th,  although  I  would  not  rely  too  much  upon  the  accuracy  of 
any  particular  track,  as  I  think  that   the  proximity  of  a  bright 
star  has,  perhaps,  biassed  the  estimates  of  the  observer. 

Prof.  Alex,  Herschel,  There  is  a  peculiarity  of  the  Leonid 
meteor-system  which  may  perhaps  explain  the  difficulty  about 
the  observed  time  of  appearance  of  the  shower  this  year.  At  the 
last   great   return   of  the   Leoiiids   it   was   distinctly  shown   by 
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Mr.  B,  V.  Marsh,  of  Philadelphia  *,  that  the  shower  consisted  of 
three  separate  meteor- streams,  one  stream  on  each  side  of,  and 
about  twelve  hours  distant  from,  a  middle  stream.  The  three 
streams  were  nearly  equal  in  brightness,  and  the  side-streams 
about  thrice  as  wide  as  the  middle  one.  The  central  stream's 
recurrence  in  England  this  year,  towards  daybreak  on  the  14th  of 
November,  was  true  to  its  appointed  time.  It  was  seen  beginning, 
in  Madeira,  at  just  about  that  time  t,  having  been  insignificant  in 
brightneirs  up  to  4.30  there  (about  5I  a.m.,  Greenwich  Time),  and  up 
to  after  4 J  a.m. in  England  J.  But  the  after-stream  Mas  seen  more 
perfectly  and  brightly  on  the  morning  of  November  1 5th,  because 
the  Earth  was  then  but  just  out  of  the  middle  part,  and  was 
leaving  the  end  portion  of  the  after-stream.  The  leading,  or 
preceding  shower,  twelve  hours  before  the  middle  stream,  fell  so 
late  in  the  day  of  November  13th,  as  to  be  quite  bidden  by  day- 
light from  English  observations,  and  Leonids  were  only  noted  in 
very  scanty  numbers,  in  England,  on  the  morning  of  that  day,  as 
might  be  expected  from  the  Earth  having  probably  traversed  this 
first  branch-stream  in  the  afternoon  and  evening  part  of  the  13th. 
If  the  ap[7earances  of  the  shower  this  year,  perhaps,  agreed  thus 
satisfactorily  with  its  triple  structure,  then  although  the  conditions 
of  the  Earth's  passage  through  the  streams  next  year  will  probably 
disappoint  the  expectations  of  English  watchers  for  the  main  stream, 
by  its  return  on  November  14th  next  entirely  in  daytime,  yet  they 
may  be  hoped  to  be  very  favourable  still  to  observations,  for  which 
they  will  offer  this  advantage,  that  the  end  and  beginning  parts 
repectively  of  the  front-  and  rear-side  streams  will  be  visible  about 
equally  on  the  mornings  of  November  14th  and  15th,  next  year  ;  so 
that,  besides  affording  a  good  opportunity,  if  both  nights  are  fine, 
for  comparing  together  the  intensities  of  the  two  displays,  expecta- 
tions of  observing  the  meteors,  if  either  of  the  nights  should 
happen  to  be  cloudy,  may  still  very  possibly  be  satisfied  by  fine 
weather  on  the  other  morning.  It  is  a  great  advantage  to  look 
forward  to,  and  I  hope  we  shall  be  able  to  compare  the  strength  of 
those  two  streams  next  year,  although  we  may  not  see  the  central 
stream  so  well. 

Professor  Turner,  Watch  was  kept  for  these  meteors  at  Oxford, 
but  with  little  success,  owing  to  bad  weather.  I  think  that  any 
observations  of  the  meteors  we  get  at  this  return  will  be  valuable, 
for  I  looked  up  the  observations  of  meteors  in  the  Greenwich 
volume,  at  the  1866  return,  and  found  that  no  particular  care  had 
been  taken  to  oj^serve  meteors  at  all  until  1865,  when  the  British 
Association  circular  directed  attention  to  the  matter;  and  as 
observation  of  meteors  at  the  Koyal  Observatory  seems  to  have 
been   begun  in  that  year,  for  the  years  corresponding  to  the 

*  *  Reports  of  the  British  ABsociation,'  1869,  pp.  302,  303. 

t  Letter  from  Mr.  W.  Anderson,  in  the  •  English  Mecuanic,'  Deo.  11,  1896. 

\  '  English  Mechanic,'  Nor.  27,  1896. 
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present  and  next  years — 1863  and  1864 — we  have  no  record  at 
the  last  return,  I  would  like  to  ask  Dr.  Johnstone  Stoneyand  others 
who  have  time  to  look  up  matters  of  this  kind,  whether  they  have 
paid  any  attention  to  the  other  large  stream  of  November,  the 
stream  which  gave  a  fine  display  in  1872  and  1885,  and  I  suppose 
will  be  recurring  in  1898.  In  fact  we  are  nearer  to  that  return 
than  we  are  to  1899.  I  do  not  think  the  stream  is  scattered  so  much 
along  the  orbit ;  but  in  1897  it  may  be  well  to  look  out  for 
November  27th  meteors  as  well  as  November  14th. 

Dr,  Spitta,  Can  Dr.  Eambaut  give  us  any  idea  of  the  apparent 
magnitudes  of  the  meteors  ?  He  has  given  the  minimum  aperture 
of  the  lens  to  be  employed,  and  I  should  like  to  know  if  he  has 
got  any  idea  of  colour,  and  whether  he  used  any  isochromatic 
plates.  It  must  be  a  very  difficult  matter  to  photograph  them 
because  of  their  rapidity. 

The  President.  These  two  papers  are  of  very  great  importance 
indeed,  as  they  involve  a  question  which  I  do  not  think  lias  ever 
been  brought  to  our  notice  before,  and  that  is  the  possibility  of 
photographing  these  streams  as  self-luminous  objects  some  distance 
away  from  the  Earth.  Some  authorities  on  meteors  and  meteoric 
hypotheses  have  said  that  these  bodies  travel  in  their  orbits 
without  emitting  any  light,  and  become  self-luminous  only  when 
they  meet  the  Earth's  atmosphere.  Dr.  Stoney  suggests  that  they 
may  reflect  light,  and  so  be  able  to  be  photographed,  as  the  tail  of 
a  comet  v\ould  be  at  some  distance  from  the  Earth.  That  is  an 
idea  that  has  not  been  brought  forward  before,  and  it  is  worthy  of 
serious  consideration.  If  these  meteors  partake  of  the  nature  of 
comets'  tails,  which  we  understand  they  may  do,  then  it  is  possible 
that  we  may  be  able  to  photograph  a  stream  of  meteors,  which  is 
entirely  and  distinctly  separate  from  the  possibility  of  photo- 
graphing a  meteor  when  it  has  struck  the  EfU'th's  atmosphere  and 
becomes  luminous. 

Mr.  F.  0.  Penrose.  I  had  a  communication  from  a  lady  who 
was  on  a  steamer  in  the  Mediterranean,  and  she  said  that  she  had 
seen  a  very  fine  stream  of  meteors  on  Nov.  14  between  Gibraltar 
and  Malta. 

Dr.  Stoney.  I  have  two  interesting  letters  which  have  reached 
me  recently,  one  being  from  Mr.  Anderson  at  Madeira,  who 
observed  there  on  the  14th,  and  he  gives  a  list  of  the  number  of 
meteors  he  saw,  and  a  diagram  of  the  frequencies,  which  shovi  s  a 
very  marked  maximum  between  5  hours  and  5.30.  The  other 
letter,  from  Mr.  Willoughby  Meares  at  Calcutta,  states  that  he 
observed  on  the  14th,  and  therefore  several  hours  before  obser- 
vations were  possible  here.  He  writes  : — "Up  till  14  hour!«, 
I  was  only  keeping  a  casual  look-out  at  my  telescope ;  but  until 
then  there  were  very  few  meteors  visible,  and  only  one  bright  one 
from  Leo.  Between  14'*  30°*  and  16^  1  saw  12  meteors  :  many  of 
the  other  meteors  noticed  came  from  a  point  in  Leo,  but  thpy  were 
not  so  bright  and  did  not  leave  lasting  streaks.''  The  houis 
rt^i  orded  are  in  Calcutta  local  time. 
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The  President  then  called  on  Mr,  Stone  to  give  an  account  of 
the  recent  Eclipse  expedition  to  Novaya  Zemlya. 

Mr,  Stone,  About  the  middle  of  June,  1896,  Sir  Geo.  Baden- 
Powell,  with  great  public  spirit,  intimated  that  if  observers  were 
prepared  to  accompany  him,  he  would  place  them,  by  means  of  his 
yacht  *  Otaria,'  in  Novaya  Zemlya  on  the  line  of  totality  of  the 
8olar  Eclipse  of  Aug.  8.  I  had  not  intended  taking  any  part  in 
the  observations,  but  the  consideration  that  Novaya  Zemlya  was 
widely  separated  from  the  stations  already  selected  by  intending 
observers,  and  that  a  fair  chance  of  success  presented  itself, 
influenced  me  in  accepting  Sir  George's  kind  offer. 

The  very  brief  interval  available  did  not  permit  of  the  preparation 
of  any  elaborate  apparatus  :  but  Mr.  Hilger  constructed  for  me  a 
special  spectroscope,  by  means  of  which  direct  eye-observations 
could  be  made  and  photographs  taken  simultaneously. 

The  telescope  to  which  this  spectroscope  was  attached  was  a 
small  equatoreal  belonging  to  the  Kadcliffe  Observatory,  with  an 
exceptionally  good  object-glass  of  t,*^  inches,  and  with  means  of 
adjustment  in  latitude,  but  with  no  clock  movement. 

In  addition  to  this  1  provided  myself  with  a  good  chronometer, 
a  Richard  self-registering  thermometer,  dry-  and  wet-bulb  thermo- 
meters, aneroid  barometer,  and  some  diagrams  specially  prepared 
for  sketching  in  the  extent  of  the  outer  corona. 

The  *  Otaria '  sailed  from  Dundee  on  July  16,  but  adverse  winds 
and  an  accident  to  the  piston-rod  of  the  engine  caused  some  delay. 
Hammerfest  was  reached  on  July  29,  where  Mr.  Shackleton, 
observer  to  the  Solar  Physics  Committee,  was  taken  on  board. 
Sailing  thence  direct  for  Novaya  Zemlya,  the  ship  arrived  in  sight 
of  the  island  on  Monday  morning,  August  3. 

A  station  was  selected  on  an  uninhabited  island  about 
72°  22'  40"  N.,  and  3**  30""  33"  E.,  and  near  to  the  Samoyede 
station  of  Kamakula.  It  was  found  that  a  Russian  party  of 
astronomers  and  physicists  were  already  stationed  at  Kamakula, 
and  Dr.  Backlund,  of  Poulkova,  Prince  Galitzin,  and  the  other 
members  of  the  staff  w'armly  welcomed  the  British  party. 

The  landing  of  the  instruments  and  stores  and  the  construction 
of  the  tents  and  hut  were  proceeded  with  as  rapidly  as  possible  ; 
but  the  preparations  were  only  concluded  late  on  the  Saturday 
night,  Aug.  8. 

On  Sunday  morning,  at  2  o'clock,  the  Sun  was  shining,  and 
final  arrangements  were  made  for  the  Eclipse.  Just  before 
totality  the  passing  of  a  dense  cloud  prevented  a  photograph  being 
taken  of  the  low  reversing  layer  with  the  slit  spectroscope ;  but 
when  the  cloud  had  passed  over  the  spectroscope  was  turned  on 
a  large  prominence.  The  two  images  formed  by  red  hydrogen  and 
yellow  helium  were  distinctly  seen,  and  less  perfectly  the  image 
in  the  blue  hydrogen  and  another  in  the  red  beyond  the  hydrogen 
line  C.  A  photograph  was  secured  of  this  prominence.  The 
spectrum  of  the  inner  corona  was  examined  and  notes  made  that 
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three  red  lines  were  distinctly  seen,  one  of  which  was  at  the 
extreme  red  end  of  the  field  of  view  of  the  spectroscope.  This 
line  is  found,  by  examination  of  the  spectrum  of  helium  wirh 
the  same  spectroscope,  to  be  helium. 

The  telescope  was  then  turned  on  the  outer  corona,  and  moved 
away  from  the  Sun  until  nothing  was  visible  in  the  spectroscope, 
but  a  continuous  spectrum  and  the  line  1474,  which  appearel  uuuh 
fainter  than  at  the  Eclipse  in  1874.  A  photograph  was  then  taken. 
During  the  30  sees,  exposure,  I  examined  the  eclipse  phenomena, 
and  remarked  the  general  likeness  of  the  outer  corona  to  that  seen 
by  me  in  1874,  but  that  its  colour  was  steel-blue  instead  of  a  faint 
green.  Venus,  Jupiter,  and  Mercury  were  at  this  tinje  distinctly 
visible.  After  totality  had  passed,  two  plates  were  successively 
exposed  for  30  sees,  each  to  that  portion  of  the  sky  where  the 
outer  corona  was  known  to  be. 

Sketches  of  the  extension  of  the  corona  were  made  by  several 
observers,  and  photographs  were  taken  by  Sir  Geo.  Baden-Powell 
and  Mr.  Shackleton.  The  approximate  times  of  totality  were 
noted  as  :  beginning  7**  34™  54%  and  ending  7**  36°*  44* ;  duration 
jm  ^q8^     rpj^-^  -g  .^  general  account  of  the  work  done  during  the 

eclipse. 

Meteorological  observations  were  taken  on  days  before  and  after, 
also  during  the  eclipse.  At  the  time  of  the  eclipsei  the  humidity 
was  about  77,  and  this  was  about  the  driest  ot  any  day  that  the 
party  was  at  Novaya  Zemlya;  the  other  days  vary  from  80  to 
saturation.  A  great  fall  of  temperature  was  felt  during  the  time 
of  eclipse,  and  alter  the  eclipse  about  10°,  from  the  formation  of 
cloud. 

The  photographs  obtained  have  since  been  carefully  measured. 
Besides  the  two  pictures  of  the  prominence  which  were  seen  in 
the  rays  C  and  .D^,  there  are  seven  images  which  admit  of  measure- 
ment, and  one  visible,  but  not  accurately  measurable,  in  the  photo- 
graph of  the  prominence. 

A  scale  was  prepared  for  the  spectroscope  from  photographs 
of  hydrogen  and  helium  in  vacuum-tubes,  and  by  measurements  of 
solar  spectra  taken  before  and  after  the  eclipse  expedition.  The 
scale  thus  formed  allowed  of  a  clear  identification  of  the  prominence 
spectra ;  and  a  curve  was  then  formed  with  wave-lengths  as 
ordinates  and  the  measured  distances  in  millimetres  as  abscissae : 
it  was  found  that  a  continuous  curve  could  be  swept  through  all 
the  measured  points. 

It  appears  that  the  prominence  which  is  just  visible  on  the 
negative  near  the  red  eud  is  helium  D3,  \=5876,  which  was  seen 
in  the  eye  spectroscope. 

The  combined  observations  of  the  eye  spectroscope  and  spectro- 
graphic  plate  give,  therefore,  prominences  for  all  the  bright 
hydrogen  lines  a,  /3,  y,  ^,  e  and  a',  and  the  helium  lines  5876 
and  4472.  There  is  also  a  well-marked  prominence  formed 
by  light  of  about  the  wave-length  3934,  which  is  that  of   the 
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well-known  K  line  usually  attributed  to  calcium ;  but  if  calcium 
was  present  in  the  prominence  there  is  no  reason  for  attributing 
the  prominence  of  wave-length  3970  (e)  solely  to  hydrogen, 
and  it  must  be  regarded  as  the  combined  effect  of  calcium 
and  hydrogen,  and  I  have  been  much  surprised  not  to  find 
an  image  of  the  prominence  corresponding  to  the  wave-lengths 
of  any  of  the  other  bright  lines  in  the  spectra  of  calcium ;  and, 
without  attempting  to  express  at  present  any  definite  opinion 
on  the  point,  it  appears  to  me  possible  that  the  wave-length 
3934  may  be  sensibly  that  of  some  hitherto  unrecognized  gaseous 
line.  There  is  one  point  in  connection  with  these  obser- 
vations of  spectra  of  the  prominence  m  hich  struck  me  at  the 
time  and  has  been  strengthened  by  an  examination  of  the  photo- 
graph ;  but  without  attempting  to  assert  that  the  images  formed  by 
helium  Dg  and  hydrogen  C  were  identical  in  form  and  extent, 
their  similarity  was  certainly  very  striking,  and  it  led  me  at  the 
time  to  infer  that  this  identity  of  form  must  arise  from  a  sensibly 
uniform  distribution  of  hydrogen  and  helium  throughout  the  upper 
portion  at  least  of  the  prominence. 

The  photograph  of  the  outer  corona  has  not  yet  been  fully 
discussed,  but  it  shows  faint  traces  of  three  absorption  lines  about 
X  =  3799,  3934,  3970,  a  powerful  general  absorption  or  absence  of 
continuous  spectrum  for  some  distance  beyond  H,  then  a  continuous 
spectrum  nearly  to  F;  a  deep  band  from  about  \  5050  to  5889  ; 
then  a  bright  continuous  spectrum.  Probably  some  of  the  results 
are  influenced  by  the  mode  of  preparing  the  isochromatic  plates 
and  the  wave-lengths  to  which  the  plates  are  sensitive. 

The  two  photographs  taken  after  the  end  of  totality,  show  but 
slight  differences  from  that  takeu  during  totality,  except  that  the 
Eraunhofer  lines  K,  H  are  more  intense,  and  some  fainter  lines 
are  just  visible  in  other  parts  of  the  spectrum. 

Mr.  ShacMeton  then  exhibited  on  the  screen  photographs  taken 
by  himself  during  the  eclipse.  The  most  important  photograph 
shown  was  one  of  the  "  flash/'  taken  at  the  instant  of  totality,  and 
showing  a  vast  number  of  bright  lines  in  the  form  of  arcs  of  dif- 
ferent lengths.  A  portion  of  this  photograph  was  nlso  shown 
enlarged  for  comparison  with  the  ordinary  Fraunhofer  spectrum. 
A  photograph  of  the  1474  K  ring,  taken  also  with  the  prismatic 
camera,  was  shown  and  compared  v^ath  a  photograph  of  the  corona 
itself. 

Sir  George  Baden-Powell.  I  really  feel  that  after  the  excellent 
description  of  the  scientific  results  obtained  by  the  expedition 
given  by  my  friends  Mr.  Stone  and  Mr.  Shackleton  I  should  be 
intruding.  [Cries  of  *'  'No"]  It  is  always  necessary,  even  in  the 
most  scientific  matters,  to  understand  the  conditions  under  which 
the  observations  were  taken.  In  the  first  place,  it  was  necessary, 
in  my  opinion,  to  get  some  qualified  astronomers  with  their  instru- 
ments to  Novaya  Zemlya.  I  happened  myself  to  wish  to  go 
there  for  other  purposes  connected  with  meeting  my  old  friend 
Dr.  Nansen.    Hearing  that  I  could  be  of  some  service  to  science 
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I  was  glad  to  devote  all  the  abilities  I  possessed,  aiid  my  ship,  to 
taking  these  astronomers  there.  We  had  some  difficulty  in  getting 
there  in  time,  but,  as  has  happened  before  in  certain  things  we 
have  undertaken  in  that  good  ship,  we  got  there  well  in  time.  I 
did  think  before  I  left  that  there  was  something  in  the  argument 
put  forward  that  going  with  these  large  instruments  to  so  high  a 
latitude  we  should  possibly  obtain  results  which  would  be  valuable, 
even  supposing  other  stations  obtained  clear  skies.  There  is 
something  which  we  have  not  yet  investigated  thoroughly  in  the 
atmosphere  of  the  high  latitudes  of  the  Arctic  regions,  and  I  was 
carried  back  to  results  obtained  in  astronomy  by  Prof.  Piazzi 
Smyth  in  the  higher  atmosphere  at  Teneriffe,  and  1  could  not  but 
feel  a  satisfaction  that  we  should  attempt  observations  in  an 
untried  part  of  our  planet.  When  we  got  to  our  station,  we 
found  there  were  certain  climatic  difficulties  to  be  fac«d,  and 
mastered  if  possible,  before  we  goo  to  actual  observing ;  and  1  assure 
my  hearers  that  if  they  had  been  there  they  would  agree  with  me 
and  ray  wife  who  was  present  throughout  that  no  persons  were 
ever  so  heroically  devoted  to  their  duty  as  Mr.  Stone,  Mr.  Shackle- 
ton,  and  Mr.  Webb.  They  set  up  instruments  of  a  most  delicate 
character  in  a  state  of  atmosphere  which  I  can  only  describe  as 
continuous  hail,  rain,  fog,  and  wind.  The  temperature  seldom 
rose  above  40*^,  and  every  credit  and  praise  is  due  to  those  astrono- 
mers for  what  they  did  in  getting  those  instruments  into  position 
and  ad  jut!  ted  in  spite  of  these  difficulties. 

Now  we  come  to  the  day  itself.  Mr.  Stone  has  mentioned 
the  unpleasant  proximity  of  wild  dogs,  but  he  has  not  told 
you  of  the  very  severe  storms  and  gusts  of  wind  that  blew, 
nor  of  the  cold  weather  ;  but  in  spite  of  all  this  Mr.  Stone 
and  Mr.  Shackleton  slept  ashore  in  a  very  rude  shanty,  which 
we  made  as  comfortable  as  possible  the  night  before  the  eclipse, 
so  as  to  ensure  the  safety  of  the  instruments.  We  were  a  party 
fourteen  strong,  and  at  5  o'clock  in  the  morning  we  were  all 
there  in  time.  Mr.  Stone  and  Mr.  Shackleton  had  been  up  pretty 
nearly  all  night,  making  various  adjusments  of  the  instruments  and 
otherwise  working  to  secure  success.  They  entrusted  to  my  charge 
the  coronagraph,  and  all  the  members  of  my  crew^  not  only  took 
their  part  with  extraordinary  willingness,  but  also  showed  great 
delight  in  what  they  considered  an  interesting  observation,  con- 
sidering they  had  their  reward  in  being  allotted  positions  around 
the  instruments  under  the  command  of  these  distinguished 
astronomers.  Right  at  the  last  moment,  however,  the  siderostat 
would  not  work.  It  had  been  set  up  and  thoroughly  adjusted,  but 
at  the  last  moment,  when  the  Moon  had  got  a  long  way  over  the 
Sun,  it  would  not  work ;  and  looking  through  the  coronagraph 
telescope  I  saw  the  image  pass  steadily  but  surely  across  that  bit 
of  ground-glass  which  ue  all  watched  so  anxiously,  and  nothing 
that  the  devoted  energy  of  Mr.  Shackleton  could  do  would  make 
it  work  properly.  Thid  happened  almost  up  to  the  point  of  totality, 
but,  with  the  dash  of  genius,  Mr.  Shackleton  certainly  went  for 
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that  siderostat  with  what  we  uninstructed  persons  would  call  rash- 
ness, and  dashed  back  into  the  hut  saying  '*  that  will  do,"  and  it 
did  do.  I  saw  the  image  in  the  centre  of  my  ground-glass,  which  I 
had  then  to  take  out  and  begin  the  series  of  photographs  I  had 
been  instructed  to  take  at  various  intervals  during  totality  ;  and  I 
think  one  of  the  happiest  moments  in  my  life  was  when  somewhat 
dazed,  because  immediately  after  totality  the  burst  of  sunlight 
was  so  great,  I  had  sufticient  senses  left  to  slip  in  the  ground-glass 
to  see  where  the  Sun  had  got  to,  and  saw  our  old  friend  right  in  the 
centre  of  the  field.  I  assure  you  the  conditions  under  which  these 
observations  were  made  were  very  trying  ones.  We  had  our  work 
cut  out  for  us,  to  get  the  instruments  and  the  astronomers  there, 
but  we  did  it,  and  in  plenty  of  time.  What  happened  afterwards 
was  due  to  the  energy  and  skill  of  the  astronomers.  They  kindly 
instructed  the  members  of  the  crew — myself  amongst  the  others 
— what  we  were  to  do  to  help,  and  we  did  our  best.  I  think 
Mr.  Stone  showed  excellent  judgment  in  not  telling  the  crew  where 
to  expect  to  see  stars.  They  were  told  to  look  for  stars  and  report 
them  afterwards.  These  seamen  are  trained  in  look-out  duties, 
but  they  are  not  trained  sufficiently  to  know  even  the  difference 
between  a  planet  and  a  star,  and  it  is  most  remarkable  that  every 
member  of  the  crew  coincided  exactly  in  the  observations  he  had 
taken  of  the  stars.  Now  a  word  as  to  the  dr-Bwings.  We  had  a  hut 
a  mile  and  a  half  from  the  station  and  the  men  were  especially 
instructed  to  draw  what  they  saw,  and  pledge  themselves  not  to 
touch  up  their  drawings  afterwards  by  comparison  with  what  others 
had  drawn.  So  that  the  samples  you  have  seen  are  true  samples 
of  what  these  men  actually  saw,  and  I  think  in  that  sense  they  are 
valuable.  The  conditions  under  which  the  observations  were  taken 
were,  1  admit,' very  favourable.  1  may  be  permitted  to  add  that  in 
my  opinion — although  it  is  not  usual  to  introduce  politics  here, 
but  I  happen  to  be  a  member  of  Parliament — I  do  think  that  for  a 
nation  of  taxpayers,  who  pay  something  like  one  hundred  millions 
of  taxation  every  year,  that  the  paltry  sum,  which  I  believe  was  all 
that  was  granted,  of  .£1,200  to  view  so  important  a  scientific  event  as 
the  total  eclipse  of  the  Sun  was  strangely  inadequate.  I  am  not 
going  to  say  whether  that  sum  would  have  sufficed  to  take  an 
expedition  to  Novaya  ZemJya  —  I  know  what  those  expeditions 
cost ;  but  I  do  say  for  myself — and  I  have  a  special  command  to 
do  so  for  my  wile — that  if  ever  a  yacht  is  wanted  to  take  willing 
people  to  see  another  eclipse  they  will  know  where  to  find  it  if  vi  e  are 
free  then.  It  may  perhaps  be  a  little  vanity  on  my  part,  but  I 
think  that  our  expedition  to  Novaya  Zemlya  has  in  two  points 
done  good  work.  For  the  one  point  we  deserve  not  credit  but 
blame,  and  that  is  for  our  somewhat  unchristian  joy  at  the 
fact  that  although  we  saw  the  eclipse  most  beautifully  no  one  else 
saw  it.  The  other  point  I  would  mention  is  that  I  am  very  happy 
to  have  be<;n  a  humble  agent  in  securing  these  admirable  photo- 
graphic results,   because  I    underbtand    that    photography,    as 
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applied  to  total  eclipses,  was  not  really  very  successful  until  1893, 
and  that  in  the  coming  eclipse  of  1898  the  results  to  be  obtained  then 
will  be  all  the  better  for  the  fact  that  we  have  placed,  as  it  were, 
a  stepping  stone  between  the  eclipses  of  1893  and  1898  by  which 
learned  astronomers  and  scientific  photographers  will  be  greatly 
assisted  when  the  eclipse  of  1898  comes.  [Sir  George  Baden- 
Powell  then  showed,  on  the  screen,  photographs  of  the  corona  of 
the  Eclipse  of  August  1896,  and  also  that  ot  the  Eclipse  of  1886 
for  comparison,  and  some  pictures  relative  to  the  expedition.] 

The  President,  This  does  not  seem  to  be  a  paper  that  calls  for 
any  controversial  remarks,  and  1  am  sure  you  will  all  join  with 
me  in  returning  your  very  best  thanks  to  Mr.  Stone,  to 
Mr.  Shackleton,  and  particularly  to  Sir  George  Baden-Powell. 
[Applause.] 

Admiral  Sir  Erasmus  Ommanney  Asa  veteran  Arctic  voyager, 
I  cannot  help  rising  to  express  my  admiration  For  the  noble  conduct 
of  Sir  George  Baden-Powell  in  venturing  m  the  vessel  he  did  to 
Novaya  Zemlya.  I  can  understand  exploring  in  the  Arctic 
regions  in  a  vessel  adapted  for  the  navigation  of  those  seas  ;  l)ut  I 
think  it  a  most  gallant  and  unprecedented  thing  for  Sir  George 
Baden-Powell,  in  a  vessel  not  adapted  for  the  work,  to  have  gone 
ou  this  expedition,  and  have  conveyed  our  astronomtTs  to  Xovaya 
Zemlya.  Without  Sir  George  Baden- Powell  the  whole  world 
would  have  been  without  these  verv  skilful  and  scientific  observa- 
tions.  I  am  sure  that  the  whole  world  of  astronomers  in  general  are 
deeply  indebted  to  him  for  his  gallant  and  disinterested  conduct  in 
undertaking  this  expedition ;  and  I  hope  the  Council  will  convey 
their  appreciation  of  his  services  by  some  communication  to  him 
expressing  the  thanks  of  the  Society. 

The  President.  I  am  very  glad  of  the  assistance  that  Admiral 
Ommanney  has  given  me  in  making  the  vote  of  thanks  of  this 
meeting  a  little  more  pronounced  than  I  could  do  myself.  It  was 
not  a  point  which  struck  me  that  the  good  ship  '  Otaria '  was 
unfitted  for  Arctic  work.  That  only  increases  the  obligation  that 
we  are  under  to  Sir  G.  Baden- Pov\  ell.  There  is  not  the  slightest 
doubt  but  that  he  has  s  ived  the  situation  for  British  astronomy 
— not  but  what  we  think  that  science  is  altogether  cosmopolitan, 
but  in  our  hearts  we  are  more  than  satisfied  that  England  has  done 
something.  I  have  heard  that  an  observer,  not  an  Englishman, 
who  had  bt  en  at  a  station  where  observations  were  made,  on 
coming  to  a  port  heard  the  news  of  what  the  other  astronomers 
had  done,  and  was  seen  leaping  wildy  and  gesticulati.jg.  When 
he  was  asked  the  cause  of  this  hilarity,  he  said  :  '*  Vadso  notings, 
Japan  notings."  This  teeling  is  very  natural,  but  I  am  sure  none 
of  us  like  to  see  it  carried  to  extremes.  However,  1  join  in  Sir 
Baden-Poweirs  remark  when  he  says  that  he  is  proud  that  he  has 
done  something  for  English  astronomy,  and  1  am  sure  you  will  all 
join  in  thanking  him,  and  Mr.  Stone  and  Mr.  Shackleton,  for  the 
very  charming  way  in  which  they  have  given  us  an  account  of 
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rthftr  expedition.  I  can  almost  feel  myself  going  with  them — even 
tv  tike  stoppage  of  the  clock  of  the  siderostat.  I  will  ask  you 
rv  return  your  most  hearty  thanks  to  Sir  George  and  Lady 
tMbett-FOwell  for  the  excellent  service   they  have  rendered   to 

;iB^tvuotuy. 

r%^  l\^MeHL  WTiile  we  are  on  the  subject  of  eclipses,  perhaps 
vvu  will  allow  Mr.  Wesley  to  make  a  few  remarks  on  the  shape  of 

J|^'.  llW^y.  Sir  G.  Baden-Powell  showed  a  copy  of  the  1896 
vvr\Hi4i  taken  at  Novaya  Zemlya,  and  by  the  side  of  it  a  copy  of 
chtf  draNxittg  of  that  of  1886,  which  showed,  what  we  have  all 
«v*tiv^L^ht*  extraordinary  symmetry  and  extraordinary  resemblance 
l^wv^i  two  eclipses  taken  ten  years  apart.  1  thought  it  would 
b<^  lttler^**ti»g  under  these  circumstances  to  call  attention  to  an 
^•iip!^  which  happened  1 1  years  ago,  and  therefore  would  seem 
mv»«*  ptvnH*rly  to  compare  with  this,  but  of  which  very  little  is 
lttv*^tu  llere  is  a  rough  tracing  from  a  sketch,  1  made  some  years 
^yy  trv^^tt  a  photograph,  of  the  outline  of  the  corona  as  seen  during 
^h^  edtps**  of  1885.  This  remarkable  extension  with  double 
vNiC^*tww  wems  at  first  sight  to  correspond  to  a  similar  streamer 
v4t  5^^  vxMTona  seen  at  the  recent  eclipse  ;  but  if  the  orientation  of 
^t!w  *keh*li  is  correct,  its  position  as  measured  from  the  solar  pole 
wi  ^(^Uv  different,  so  that  the  corona  of  1896  is  decidedly  less  like 
|hj«9  v»t  1885  than  it  is  like  the  corona  of  1886.  I  wish  also  to  call 
^t^^vtlou  to  the  peculiar  detail  in  the  south-east  quadrant,  which  is 
sitluVKkHily  unusual.  There  are  also  details  in  the  coronal  structure 
^Kk^  wt»ui  to  point  to  a  connection  between  the  corona  and  the 
^^MumMices. 

TKe  following  papers  were  announced  and  partly  read  : — 

W\  //.  M.  Christie,  E.  H.  Hills,  and  H,  H.  Turner,  "  Eeport  on 
It^  Kxpedition  to  Japan  to  observe  the  Total  Solar  Eclipse  of  1896, 

^L  A.  Common.  "  Eeport  on  the  Expedition  to  Norway  to 
v^^rve  the  Total  Solar  Eclipse  of  1896,  Aug.  9.'' 

\\\  t\  Denniny.  Heal  Paths  of  10 1  Meteors  observed  during 
th^»  tt»n  Years  ending  November  1896/' 

ii\  \*on  Niessl,     "  Catalogue  of  real  Paths  of  large  Meteors." 

»1,  Marth,     "  Ephemeris  for  Physical  Observations  of  the  Moon, 

J\)hn  Tehbutt,  "Observations  of  Minor  Planets  at  Windsor, 
^^»\v  South  Wales." 

A.  M.  W,  Downing,  "  Comparison  of  the  Sun's  Longitudes  for 
4 QO I,  computed  from  Newcomb's  Tables  of  the  Sun,  with  those 
wmputed  from  Le  Verrier's  Tables." 

U,  Johnstone  Stoney,     "  Ephemeris  of  the  Leonids." 

A.  A.  jRambaut,  "  On  the  Inequality  due  to  refraction  in  the 
iLppurent  Diurnal  Motion  of  Stars  ;  and  a  Method  of  allowing  for 
"  in  Astronomical  Photography." 
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A.  A.  Ramhaut,  "  Observations  of  the  Leonids  on  1896,  Xov.  13 
and  14.'* 

T.  H,  Safford.     **  On  the  various  forms  of  Personal  Equation." 

Roycbt  Observatory,  Greenwich,  "Observations  of  Comet/  1896 
(Perrine).'' 

J,  L,  E,  Dreyer,  '*  On  Systematic  Errors  in  observing  Eight 
Ascensions  of  NebulsB." 

T.  W.  Backhouse.     "  The  Aurora  of  1896,  March  4." 

Radcliffe  Observatory ,  Oxford,  "  Observation  of  Brooks'  Periodic 
Comet,  c  1896  (1889  V.y 

E.  J.  Stone,  ''Observations  of  the  Solar  Eclipse  of  1896, 
Aug.  8-9,  at  Novaya  Zemlya.**  Communicated  by  the  Joint 
Permanent  Eclipse  Committee. 

The  following  gentlemen  were  elected  Fellows  of  the  Society : — 

G,  A.  S,  Athinson^  238  Newport  Boad,  Cardiff ;  J.  B,  Trivett, 
Trigonometrical  Survey  of  N.  S.  Wales,  Sydney. 

The  following  Candidates  were  proposed  for  election  as  Fellows 
of  the  Society  : — 

Geo,  Banks,  4  John  Street,  Bedford  Bow,  W.C.  (proposed  by 
C.  A.  Taylor). 

J.  C,  Cluncey,  F.R.G.S.,  F.S.I.,  Assistant  Director  of  Land 
Records  and  Agriculture,  Burma  (proposed  by  John  Coles). 

W,  F,  Book,  M.A.,  Assistant,  Nautical  Almanac  Office,  3  Verulam 
Buildings,  Grray's  Inn,  W.C.  (proposed  by  A.  M.  W.  Downing). 

Rev,  E,  S,  Leverton,  M.A.,  School  House,  Kirkham,  Lancashire 
(proposed  by  E.  Dunkin). 

E,  F,  J,  Love,  1M.A.,  Lecturer  in  Physics  in  the  University  of 
Melbourne  (proposed  by  Sir  R.  S.  Ball). 

W.  A,  Smith,  Merchant,  74  Hagley  Road,  Edgbaston,  and  94 
Charlotte  Street,  Birmingham  (proposed  by  W.  J.  Lancaster). 

Edward  Weldon,  Merchant,  10  Morden  Road,  Blackheath,  S.B. 
(proposed  by  H.  P.  Hollis). 


THE  BRITISH  ASTRONOMICAL  ASSOCIATION. 

The  first  ordinary  Meeting  of  the  current  Session  of  the  British 
Astronomical  Association  was  held  on  Wednesday,  November  25, 
Mr,  N,  E,  Green,  F,R,A,S,,  the  newly-elected  President,  in  the 
Chair.  Sixty- six  new  Members  were  elected,  and  the  names  of  a 
number  of  Candidates  were  read  and  suspended. 

Two  papers  on  the  remarkable  train  of  Sun-spots  visible  from 
1896,  September  9  to  23,  one  by  Miss  Brown,  the  Director  of  the 
Solar  Section,  and  the  other  by  Mr,  E,  W,  Maunder,  were  read. 
Miss  Brown  pointed  out  that  this  remarkable  outburst  came  at  a 
time  when  a  steady  decrease  in  solar  activity  had  set  in,  and  more 
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;?VAn  ihn*e  years  after  the  date  of  maximum.  Tlie  train  was 
•vcttsirk^ble  for  its  immense  longitudinal  extension  rather  than  for 
|N^  iii^^  of  its  constituent  parts,  which  probably  accounted  for  its 
mtuv)  extinction  and  total  disappearance.  Mr.  Maunder  also  called 
^U^^ntion  to  the  fat-t  that  this  remarkable  disturbance  occurred  at  a 
UWH*  when  the  Sun's  activity  was  fast  declining,  and  added  that  it 
w^'i  the  longest  connected  group  of  sun-spots  within  his  own 
e\|vrienoe  of  solar  study,  namely  from  1874  to  the  present  time. 
Uv  the  j>ermission  of  the  Astronomer  Eoyal  copies  of  some  of  the 
photographs  of  this  group  taken  at  the  Boyal  Observatory,  Green- 
wich, were  thrown  on  the  screen.  Mr.  Maunder  added  that  no 
unusual  magnetic  disturbances  coincided  with  the  appearance  of 
tht!*  group. 

Vht  President  said  this  train  of  spots  had  a  special  int-erest  to 
hiuu  as  they  afforded  a  singularly  definite  appearance  of  hollow 
and  projection.  It  was  difficult  to  say  whether  these  appearances 
were  illusions  or  not,  but  certainly  the  particular  spot  pointed  out 
by  Mr.  Maunder  seemed,  when  on  the  limb  of  the  Sun,  to  have  a 
distinct  notch  in  connection  with  it,  and  on  the  other  hand  the 
faculffi  close  by  had  very  distinctly  the  appearance  of  projection. 

Mr,  Maunder  and  Mr,  Chambers  each  expressed  his  opinion  that 
the  inspection  of  Sun-spots  certainly  left  a  strong  impression  on 
the  nund  that  they  are  hollows  or  depressions. 

Capt,  Noble,  while  not  denying  this,  thought  that  the  appearance 
of  a  spot  as  a  notch  in  the  limb  did  not  prove  this  hollo wness. 

Mr,  Schooling  read  a  paper  on  "  Aerial  Spectres,"  by  M.  Anto- 
niadi,  of  Juvisy.  The  writer  had  often  tried  to  reproduce  artificially 
the  spectre  of  the  Brocken,  but  without  success.  On  October  30 
last,  however,  during  a  dense  fog,  he  was  surprised,  on  stepping 
out  on  to  the  terrace  of  the  observatory,  to  see  his  shadow  some 
200  ft.  high  thrown  on  the  mist  by  a  strong  lamp.  M.  Elammarion 
and  TAbbe  Moreux,  who  were  present,  both  saw  exactly  the  same 
appearance.  A  curious  feature  of  the  phenomenon  was  that 
each  one  saw  his  own  spectre  only. 

Mr,  Schooling  also  read  a  short  paper  by  Mr,  A,  Watson,  of 
West  Malvern,  describing  his  observation  on  Nov.  5,  at  about 
4"*  15",  of  a  mock  Sun.  It  appeared  about  four  diameters  N.  by 
E.  from  the  Sun,  and  was  of  the  colour  of  the  Moon  as  seen  by 
daylight.  This  unusual  phenomenon  was  seen  by  several  other 
observers  besides  himself. 

Mr.  Crommelin  gave  a  summary  of  two  papers  he  had  w^ritten. 
In  the  first,  on  "The  Conjunction  of  Jupiter  and  Saturn  in 
November  190 1,''  he  pointed  out  that  it  would  be  the  closest 
conjunction  of  these  two  planets,  with  one  exception,  since  the 
invention  of  the  telescope.  The  only  closer  one  took  place  as  long 
ago  as  1683.  On  that  occasion  the  two  planets  approached  one 
another  within  a  distance  of  11',  and  there  would  not  be  another 
approach  so  close  until  2020.  The  conjunction  would  take  place 
on  November  28,  and  the  two  planets  would  be  then  a  little  over 
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26'  of  arc  separate  from  one  another,  and  they  wouM  remain 
within  a  distance  of  32'  for  a  period  of  six  days.  They  would 
be  evening  stars  at  the  time,  38°  from  the  Sun.  The  second 
pappr  was  on  "  The  Occultation-of  Mercury  by  Venus  on  May  17, 
1737-"  This  he  believed  was  the  only  observ»*d  occultation  of  one 
planet  by  another  since  the  invention  of  the  telescope,  and  it  was 
impossible  to  be  sure  in  the  cases  recorded  b;ifore  the  invention  of 
the  telescope  that  occultation  actually  took  place,  since  the  two 
bodies  would  appear  as  one  when  they  were  within  a  distance  of 
30  or  40  seconds  of  arc,  or  possibly  more.  This  occultation  was 
observed  at  Greenwich. 

Mr.  John  Tehhutt  contributed  a  paper  recording  observations  of 
the  planet  Jupiter,  and  Mr.  C,  Ihberts  also  sent  a  paper  on  the 
same  subject. 

The  preliminary  report  of  the  Mars  Section  was  also  read. 

In  a  paper  on  "  The  Canals  of  Mai-s  observed  at  tMe  Manora 
Ohspriaforv,"  fferr  Leo  Brenner  stated  that  he  had  seen  loi 
canals  up  to  date,  among  them  70  of  Schiaparelli,  12  of  Lowell, 
and  10  new  ones, 

An  album  of  Jupiter  drawings  brought  by  Jlrv.  W.  R.  Waugh 
was  on  view. 

Tlie  Meeting  adjourned  at  7  o'clock. 


EOYAL  METEOROLOaiCAL  SOCIETY. 

The  monthly  Meeting  of  this  Society  was  held  on  Wednesday* 
Dec.  1 6th,  at  the  Institution  of  Civil  Engineers,  Mr,  E.  Mawley, 
F.R.H.S.,  President,  in  the  Chair. 

An  interesting  paper  by  Dr.  Leigh  Canney  on  the  "  Winter 
Climate  of  Egypt "  was  read  by  the  Secretary.  The  climate  of 
Eijypt  during  the  winter  is  influenced  by  the  Libyan  desert,  by  the 
Mediterranean  Sea,  and  by  the  extent  of  cultivated  land.  The 
author  gave  the  results  of  a  series  of  observations  which  he  had 
carried  on  during  the  past  three  winters.  The  observations  were 
started  with  the  object  of  arriving  at  a  comparative  knowledge 
respecting  the  climates  of  the  various  stations  now  considered  as 
health-resorts  in  Egypt,  and  by  a  strictly  comparable  method  to 
arrive  at  the  precise  differences  between  the  climates  of  Upper  and 
Lower  Egypt,  all  previous  observations  having  failed  in  this 
respect.  The  stations  at  which  observations  were  made  were 
Cairo^  Helouan,  Meua  House  Hotel,  Luxor,  Assouan,  Valley  of 
the  Tombs  of  the  Kings,  and  the  crest  of  the  Libyan  Hills.  As 
self-recording  thermometers  and  hair  hygrometers  were  used  at 
each  station,  valuable  data  have  been  obtained  on  the  diurnal 
variation  of  temperature  and  humidity. 

Mr.  R.  H.  Curtis  also  read  a  paper  on  an  "Attempt  to  determine 
the  Velocity  Equivalents  of  Wind  Forces  estimated  by  Beaufort's 
iScale."     The  author   has   compared  the  anemometric  records  at 
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Soilly,  Fleetwood,  Tarmoutb,  and  Holyhead  with  the  wind  forces 
as  estimated  by  the  observers  at  the  same  or  ad  jo  ning  stations,  and 
has  by  this  method  obtained  a  satisfactory  table  of  velocity- 
equivalents  in  miles  per  hour  for  the  estimated  forces  by  Beaufort's 
B<»le. 


A  new  Class  of  Variable  Stars. 

Amono  the  curiosities  of  the  heavens  few  are  more  worthy 
of  attention  than  a  small  star  in  the  constellation  Pegasus, 
the  peculiarities  of  which  were  made  known  just  a  year  ago. 
U  Pegasi  ♦,  discovered  as  a  variable  by  Dr.  Chandler  in  1894,  was 
at  first  taken  to  be  of  the  Algol  type ;  but  its  phases,  on  fuller 
enquiry,  proved  to  be  continuous.  The  star's  brightness  is  always 
on  the  move ;  it  has  no  halting-places :  maxima  and  minima  are 
equally  sharp  and  short;  and  they  alternate  with  astonishing 
rapidity.  A  complete  oscillation  is  accomplished  in  5^  hours,  its 
amplitude  being  seven-tenths  of  a  magnitude — from  9™'o  to  9"7. 
In  the  course  of  two  hours  and  28  minutes  this  singular  object 
loses  almost  half  its  light,  which  it  regains  in  three  hours  and  four 
minutes.  Thus,  contrary  to  the  rule  with  short- period  variables, 
the  rate  of  increase  is  slower  than  the  rate  of  decrease.  The 
distinction  is  so  marked  as  to  imply  an  essential  difference  in 
constitution  or  mode  of  light-change.  Stars  that  are  periodical 
in  a  few  days  are  all  but  unanimous  in  ascending  to  maximum  at 
least  twice  as  quickly  as  they  descend  from  it.  This  manner  of 
procedure  is  well  illustrated  in  the  following  little  Table  drawn  up 
by  Dr.  Chandler  f  : — 

Eatio  of  Time  of 
Period  Increase  to  entire 

Name  of  Star.  in  days.  Period. 

R  Muscae   o*88  0*334 

TJ  Trianguli  Australis   ....  1*55  0*298 

R  Trianguli  Australis   ....  3*39  0*245 

T  Carinae    3*64  0*253 

W  Carinse 4*38  0*205 

T  VulpeculsB 4*44  0*293 

T  Velorum 4*60  0*391 

S  Crucis 4*69  0*320 

^  Cephei 5*37  0*300 

T  Sagittarii   5*77  0*312 

B  Crucis     5*83  0*240 

On  an  average  of  these  stars,  the  intervals  from  minimum  to 
maximum,  and  from  maximum  to  minimum,  are  in  the  proportion  of 

♦  Numbered   8598  in  Chandler's  "  Third  Catalogue  of  Variable  Stars," 
Astronomical  Journal,  No.  379. 
t  Artr.  Journ.  No.  374. 
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0*29  to  0*71,  and  Professor  Pickering  mentions  that,  in  No.  18  of 
the  long  list  of  variables  detected  by  Mr.  Bailej  in  the  globular 
cluster  Messier  5,  the  same  ratio  is  0*17  to  0*83.  In  TJ  Pegasi  it 
is  o'55  to  o'45 ;  the  balance,  if  not  equipoised,  inclines  the 
other  way. 

On  this  ground  alone.  Dr.  Chandler  set  it  apart  from  ordinary 
variables  such  as  R  Muscas,  the  southern  revolving  lis;ht,  which 
swings  to  and  fro  across  the  limit  of  naked-eye  visibility  once  in 
twenty-one  hours.  Two  other  stars  promptly  ranged  themselves 
beside  TJ  Pegasi.  Professor  Paul's  remarkable  variable,  S  Antliae, 
was  assigned  a  place  among  the  members  of  the  Algol  family  in 
1888,  and  kept  it  until  1896.  It  changes  from  6*7  to  7*3  magni- 
tude in  seven  hours  forty-seven  minutes,  during  less  than  one-half 
of  which  brief  term  it  was  supposed  to  remain  uneclipsed.  But  a 
recent  series  of  photometric  measures  at  Harvard  College  have 
proved  that  it  fluctuates  without  interruption.  **  Prom  this  it 
appears,"  Professor  Pickering  writes,  "  that  S  Antliae  is  not  a  star 
of  the  Alo;ol  type,  and  that  it  belongs  to  the  class  of  variables  of 
short  period  like  ^  Cephei  and  ri  Aquilae.  An  interesting  feature 
of  its  curve,"  he  adds,  '*  is  that  the  time  of  increase  occupies  o  62 
of  the  entire  time  of  variation."  The  object,  then,  is  strictly 
analogous  to  U  Pegasi,  while  between  eight  and  nine  times  as 
bright. 

A  third  star  has  been  added  to  the  new  class  by  Mr.  A.  W. 
Roberts,  of  Lovedale,  South  Africa  *.  This  is  Lacaille  5861,  found 
by  him  to  vary  slightly,  but  surely,  in  seven  hours  and  sixteen 
minutes.  It  ranajes,  in  fact,  only  from  7*47  to  7*81  magnitude. 
The  representative  curve  appears  to  be  perfectly  symmetrical,  and 
is  traversed  with  unfailing  regularity.  The  star  is  situated  in 
Centaur.  Mr.  Roberts  regards  the  species  to  which  it  belongs  as 
essentially  characterized  by  a  narrow  scope  of  rapid  change,  and 
remarks  that  their  standing  is  intermediate  between  variables  of 
the  B  Cephei  and  of  the  Algol  kinds. 

Resuming  the  particulars  so  far  learned  about  the  trio,  we  have 
S  AntliaB  varying  to  the  extent  of  o"'6o  in  7^  47"*,  0*62  of  which 
time  is  spent  in  the  rise  from  minimum  to  maximum ;  Lacaille  5861, 
with  a  range  of  only  o°*'34,  in  a  period  of  7^  16",  equally  divided 
between  increase  and  decrease  ;  and  U  Ptgasi,  oscillating  by  o*"-7o 
in  5*^  32",  and  showing  a  very  slight  retardation  on  the  ascending 
side.  Thus  in  one  of  the  three  stars  the  balance  of  time  is  held 
even  between  loss  of  light  and  recovery ;  in  the  others  there  is 
evidence  (which  may  or  may  not  be  substantiated)  of  a  somewhat 
tardy  return  to  full  lustre.  In  several  of  the  Algol  stars,  however, 
notably  in  S  Cancri,  U  Coronae,  and  h  Librsb,  such  a  delay  is  quite 
conspicuous ;  and  it  cannot  be  attributed  to  the  eccentricity  of 
their  orbits,  since  no  instance  of  accelerated  recovery  is  known,  and 
the  cause  in  question  should  work  indiscriminately  either  way. 
The  light-curves  of  U  Pegasi,  S  Antliae,  and  Lacaille  5861  ac- 
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cardiiigly  represent  perfectly  the  minimum  phases  of  Algol  stars. 
The  fact  is  also  significant  that  none  of  thera  decline  to  the  full 
extent  of  halving  their  brightness — that  is,  change  by  as  much 
ms  o*75  magnitude — although  U  Pegasi  grazes  that  limit.  This 
strongly  suggests  mutual  eclipses,  total  or  partial,  by  pairs  of  eijual 
stars,  revolving  in  a  period  double  that  of  their  light-change. 
The  eclipses,  it  is  true,  should  be  perpetually  in  progress.  Except 
•t  their  actual  elongations,  corresponding  to  maxima  of  lustre,  the 
disc  of  one  of  the  pair — as  viewed  from  the  Earth — should  always 
to  some  extent  encroach  upon  the  disc  of  its  companion.  In  other 
words,  they  should  revolve  almost  in  contact. 

There  is  every  reason  to  believe  that  such  systems  exist.  If 
Dr.  See's  theory  as  to  the  origin  of  binary  stars  be  sound — and  no 
flaw  has  yet  been  found  in  it — they  must  have  a  settled  place  in 
the  scheme  of  things.  They  illustrate  the  initial  stage  of  approved 
Algol  variables,  composed,  presumably,  of  two  equal  luminaries, 
such  as  XJ  Ophiuchi  and  T  Cygni.  Nay,  Mr.  Roberts  has  dis- 
covered, in  X  Carinae,  a  star  ranked  by  him  as  of  the  Algol  type, 
but  probably  of  an  intermediate  character.  Its  minima  recur  at 
int<erval8  of  thirteen  hours  ;  and  they  are  impossibly  long,  except  on 
the  supposition  made  by  him  that  the  orbital  period  includes  two 
light-periods.  The  minimum  is  just  one-half  the  maximum 
brightness,  so  that  the  eclipsing  stars  are  sensibly  equal,  and 
revolve  in  a  plane  that  may  be  (tailed  coincident  with  the  line  of 
sight. 

It  is  difficult  to  resist  the  persuasion  that  X  CarinaB  has  a  less 
mature  analogue  in  U  Pegasi.  That  it  is  a  binary  star  will  scarcely 
be  denied ;  the  only  question  that  can  be  raised  is  whether  its 
variability  is  due  to  eclipses  or  to  other,  as  yet  inscrutable,  causes, 
such  as  operate  in  5  Cephei  and  its  congeners.  But,  as  we  have  seen, 
the  fluctuations  of  U  Pegasi  are  of  a  different  type  from  those  of 
h  Cephei.  On  the  supposition  that  it  is  really  an  Algol  star  with 
the  stationary  maximum  abolished  by  the  proximity  of  its  compo- 
nents, let  us  see  what  kind  of  system  it  constitutes. 

In  the  first  place,  since  the  minima  are  of  equal  duration  and 
equal  intensity,  the  eclipsing  bodies  are  of  equal  size  and  lustre. 
Their  eclipses  are  virtually  total,  the  loss  of  light  falling  very  little 
short  of  one-half ;  and  their  necessarily  circular  orbit,  accordingly, 
is  cut  across  by  the  visual  ray. 

It  is  traversed  in  ii^  4™  30'.  Assuming  that  the  joint  mass  of 
the  stars  is  equal  to  that  of  the  Sun,  the  radius  of  their  orbit  is 
1,086,500  miles;  and  the  gap  dividing  them  being,  by  hypothesis, 
relatively  small,  a  diameter  of  one  million  miles  may  be  assigned 
to  each  of  the  shining  globes.  Their  density  will  then  be  less  than 
one-fifth  the  solar  mean  density,  or  about  a  quarter  that  of  water. 
This  does  not  seem  to  be  an  improbable  degree  of  rarity.  And  it 
'Continues  the  same  on  any  assumption  whatever  as  regards  their 
'mass.  For,  since  the  linear  dimensions  of  an  orbit  vary,  the 
period  remaining  the  same,  as  the  cube-root  of  the  mass  of  the 
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system,  the  diameters  06  the  spheres  composing  it,  and  revolving 
approximately  in  contact,  vary  in  the  same  proportion.  That  is 
to  say,  their  bulk  retains  a  constant  proportion  to  their  mass,  and 
their  density  consequently  remains  unaltered.  This  is  a  curious 
result  of  the  arrangement  just  described,  and  may  serve  to  test  its 
possibility.  Still  more  important  is  the  circumstance  that  it 
involves  very  swift  orbital  movement,  which,  in  totally  eclipsing 
stars,  such  as  we  suppose  U  Pegasi  t-o  be,  would,  twice 
in  each  period,  at  the  brief  maxima  of  brightness,  be  directed 
wholly  in  the  line  of  sight.  The  velocity  of  IJ  Pegasi,  admitting 
each  component  to  be  half  as  massive  as  the  Sun,  would  amount  to 
170  miles  a  second;  and  the  spectroscopic  effect  would  be  doubled  by 
opposite  line-displacements.  The  spectral  rays  would  then  separate, 
at  maxima,  to  an  extent  corresponding  to  a  velocity  of  340  miles  a 
second.  The  phenomenon,  even  in  a  ninth  magnitude  star,  ought 
to  be  conspicuous  on  a  photographic  plate  exposed  with  a  larjje 
objective- prism.  It  is,  indeed,  likely  to  be  present,  in  a  measurable 
degree,  whatever  be  the  nature  of  the  star ;  yet  its  punctual  repro- 
duction at  maxima  would  attest,  with  virtual  certainty,  the  occur- 
rence of  eclipses  at  minima. 

The  orbital  velocity  of  S  Antlias  comes  out  153  miles  a  second, 
and  the  plane  of  movement  can  be  inclined  to  the  visual  ray  only 
by  a  few  degrees,  the  eclipses — if  eclipses  truly  take  place — being 
nearly  total.  The  relative  line-displacements  would  hence  corre- 
spond to  a  speed  of  about  300  miles  a  second.  They  ought  to  be 
easily  observed,  since  the  star  rises  above  the  seventh  magnitude 
once  in  less  than  eight  hours.  Its  28^  of  southern  declination 
renders  it,  however,  an  unsatisfactory  object  in  these  latitudes. 
Its  mean  density  would,  on  the  present  hypothesis,  be  exceedingly 
small — no  more  than  one-seventh  that  of  the  Sun.  The  circum- 
stances of  Mr.  Roberts's  star  in  Centaur  are  such  that  it  might 
almost  be  designated  a  twin  system  of  S  Antliae  ;  only  the  plane  of 
its  revolution  lies  farther  from  coincidence  with  the  line  of  sight. 
The  evidence  of  the  spectroscope  as  to  the  construction  of  these 
remarkable  systems  will  surely  not  long  be  wanting.  Whether 
positive  or  negative,  it  will  be  of  the  utmost  value. 

Agnes  M.  Cleeke. 


Duration  and  Character  of  the  Leonid  Radiant. 

One  interesting  feature  of  the  Leonids  is  the  long  duration  of  the 
shower.  Meteors  continue  to  fall  from  the  well-known  radiant  in 
the  sickle  from  November  10  to  20,  and  probably  a  close  watch  on 
the  morning  hours  of  November  8  and  9  would  reveal  distinct 
traces  of  the  display ;  but  I  have  never  thoroughly  investigated 
this  shower  as  regards  its  duration  and  the  position  of  its  radiant 
from  night  to  night. 

In  the  next  few  years  great  attention  will  be  given  to  the 
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lit^otiid  meteor-stream  by  the  general  public  as  well  as  by  astro- 
nomers, and  it  seems  desirable  to  point  out  to  the  latter  that 
uneful  observations  may  be  secured  on  the  nights  immediately 
]))NMvdit)g  and  following  the  date  of  maximum  abundance.  It 
will  bo  important  to  learn  the  visible  duration  of  the  shower,  and 
wliothor  the  radiant  retains  a  fixed  position  amongst  the  stars  or 
im>veii  eastwards  i°  per  day  like  the  Perseids.  My  Leonid  radiants 
do  not  prove  much  in  reference  to  the  character  of  the  radiation, 
but  they  indicate  that  the  activity  of  the  shower  is  extended  over 
1 1  nights  : — 


1877 
1879 
1888 
1885 
1887 
1896 
1885 
1876 


Nov. 


10-13  •• 
13   .• 

13  .• 

14  .. 
14  .. 

14  .. 
16  .. 
19-20 


a. 

L 

0 

0 

148 

+  24 

148 

+  23 

149 

-1-22 

149 

+  21 

150 

+  22 

150 

+  22| 

150 

-1-22 

149 

-1-22 

The  last  of  these  was  not  sharply  defined  and  cannot  be  regarded 
ai  accurate.  The  positions  show  a  slight  increase  in  E.A.,  but  it 
JM  quite  possible  the  differences  are  due  to  errors  of  observation. 
In  1877,  November  10, 1  suspected  the  place  of  the  radiant  to  be 
at  149^  +24°;  if  any  weight  can  be  attached  to  this  and  to  the 
position  determined  on  Nov.  19-20,  it  would  appear  that  no 
displacement  whatever  occurs. 

1  have  registered  the  following  Leonids  during  the  later  stages 
of  the  shower's  activity  : — 


No. 

Date. 

• 

Eh 

• 

Mag. 

Path 

"N 

• 

to 

Appearance. 

1... 

;!5 

From 

To 

3i 

1885  Nov.  16 

b    m 
13  59 

4 

0           0 
146     +17 

0          0 
144     +14 

SI.,  streak. 

2... 

1614  37 

3 

155     4-12 

157     -f  8 

4i 

V.  b.  streak. 

u... 

i6;i5  32 

4 

i68i  -hso 

179     +58^ 

II 

Swift. 

4... 

16  16  22 

4 

161     +27 

166     +28^ 

S 

Sw.,  streak.    ■ 

b... 

16  16  29 

2 

173     +19 

180    ->tiH 

7 

Swift.              ' 

6... 

16   

•  •  • 

170     4-33 

^77i  +36 

6i 

SI.,  streak. 

7... 

'7 

15  24 

3 

i8ii  +48^ 

199      +52^ 

II 

Sw.,  streak. 

8... 

17I16     9 

2 

i83i  +33 

194     +34 

8i 

Sw.,  streak. 

9... 

1876  Nov.  19  15  39 

3 

142      -f25 

136     4-26 

6 

SI.,  streak. 

10... 

20 

15  52 

3 

186     +29 

198     4-29 

II 

Sw.,  streak. 

11... 

2016  25 

4 

1 58     4-42 

161     4-53 

II 

Swift. 

12... 

20 

16  25 

3 

166     4-32 

174     +37 

8 

Sw.,  streak. 

13... 

20 

16  42 

4 

149     +13 

150     +  9 

4 

SI.,  b.  streak. 

14... 

*5 

15  26i 

4 

149     H-io 

H7     +  4 

6 

There  can  be  no  doubt  that  the  streak-leaving  meteors  observed 
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in  1876,  Nov.  19-20,  were  true  Leonids,  their  paths  being  near 
the  radiant.  Nos.  9  aod  13  were  very  close  to  it,  and  presented 
the  appearance  of  being  much  foreshortened. 

No  one  but  those  who  have  narrowly  and  repeatedly  watched 
the  region  of  Leo  in  the  morning  hours  at  the  middle  of  November 
would  form  a  just  conception  as  to  the  large  number  of  meteoric 
radiants  which  exist  in  this  quarter  of  the  sky  and  are  con- 
temporaneous with  the  Leonids.  I  give  below  a  selection  of  the 
places  of  these  ndnor  showers  arranged  according  to  B».A.,  but 
there  are  many  others  which  remain  to  be  determined  : — 

Cir cum- Leonid  Radiants,  November  10-15. 


0            0 

120  +15 

0        0 
136  -f  8 

0         0 
157   +74 

121     ±    0 

141   +27 

166  +  3 

124  +55 

143  +50 

166  +31 

125  +40 

146  +  8 

170  +47 

132  +21 

148   —12 

177   +10 

133  +31 

154  +41 

184  +29 

133  +48 

155   +12 

190  +21 

133  +70 

157    +49 

191   +58 

Nearly  all  of  these  yield  swift  meteors  with  streaks  like  the 
Leonids.  The  difficulty  in  attributjog  every  meteor  observed  to 
its  correct  radiant  can  therefore  be  readily  imagined,  for  a  path 
when  prolonged  in  the  backward  line  of  Hight  will  generally  cut 
through  two  or  three  radiants.  It  is  this  complication  which 
shows  the  necessity  for  great  exactness  in  recording  the  apparent 
directions  of  motion  and  features  of  appearance  in  all  cases,  and 
proves  that  a  considerable  amount  of  practice  is  required  on  the 
part  of  observers  to  ensure  precision. 

It  is  natural  to  find  gentlemen  who  have  never  yet  determined 
any  meteoric  radiants  speaking  of  the  very  unsatisfactory  method 
of  fixing  these  positions,  and  suggesting  the  photographic  method 
as  the  only  one  likely  to  yield  very  accurate  results.  A  quarter 
of  a  century  ago  it  was  thought  pretty  good  work  to  get  a  radiant 
within  8°  or  10°  of  probable  error ;  now,  however,  we  have  confi- 
dence in  our  positions  to  within  about  i  ^°,  and  it  is  not  likely  that 
photography  will  carry  us  much  nearer  the  goal  of  accuracy.  A 
meteoric  radiant  is  not  a  point  in  the  sky  which  can  be  defined 
like  the  stellar  nucleus  of  a  comet ;  it  is  often  an  area  covering 
several  degrees,  and  the  meteors  near  it,  being  often  curved  and 
"  brushy "  in  appearance,  fail  to  indicate  the  centre  very  satis- 
factorily. Attempts  have  been  made  in  several  years  to  photograph 
the  Perseid  radiant,  but  in  vain,  and  it  looks  probable  that  this 
method  of  getting  the  paths  will  only  thoroughly  succeed  during  a 
great  meteor  storm  such  as  the  Andromedes  may  be  expected  to 
form  in  1898  or  the  Leonids  in  1899.  At  any  rate,  it  would 
seem  from  previous  experiments  that  the  minor  showers  are 
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beyond  its  operations,  and  that  we  shall  have  to  rely  for  some 
years  to  come  upon  the  ordinary  eye-determinations.  No  one  will 
welcome  more  enthusiastically  than  meteor  observers  the  em- 
ployment of  means  which  will  at  once  relieve  them  from  their 
protracted  and  sometimes  tedious  vigils  and  ensure  a  degree  of 
accuracy  which  they  could  never  hope  to  attain ;  but  it  will  be 
really  a  disappointment  to  them  if  they  find,  as  they  appear  likely 
to  do,  that  too  much  has  been  claimed  for  the  photographic 
method. 

Bristol,  1896,  Dec.  6.  W.  F.  DroriniffO. 


Selenographical  Notes* 

Obsbrtatoet  Atlas  of  the  Moon. — Through  the  courtesy  of 
Prof.  Holden  I  have  received  the  first  instalment  of  a  work,  which, 
when  complete,  will  not  only  be  a  lasting  memorial  of  one  of  the 
greatest  photographic  achievements  of  the  great  36-in.  refractor  at 
Mt.  Hamilton,  but  will  certainly  mark  a  new  departing  in  the 
study  of  the  physical  features  of  the  Moon,  leading  assuredly  to  a 
more  accurate  knowledge  of  its  manifold  details.  There  are  few 
observers  who  are  not  more  or  less  familiar  with  the  admirable 
photographic  reproductions,  by  Dr.  Weinek  and  others,  of  selected 
portions  of  the  lunar  surface,  and  who  have  not  often  wished  that 
work  so  excellent  and  valuable  could  be  extended  so  as  to  include 
all  the  visible  superficies.  This  desire  is  now  in  a  fair  way  of 
being  realized  in  a  very  perfect  manner,  so  that  before  long  we 
shall  possess  a  picture  of  the  face  of  our  sati-llite  more  complete 
and  true  to  nature  than  any  representation  we  are  likely  to  obtain 
of  our  own  globe,  until  that  problematical  time  arrives  when  some 
scientific  Hans  Pfaall  shall  succeed  in  photographing  a  cloudless 
Earth  from  the  summit  of  a  lofty  peak  on  the  rampart  of  Ptole- 
maus  or  other  suitable  standpoint  on  the  Lunar  World. 

So  common  is  the  fact,  that  it  seems  trite  to  observe  how 
peculiarly  fortunate  our  Trans-Atlantic  friends  are  in  having  in 
their  midst  so  many  public-spirited  men  and  women,  who,  with  a 
keen  desire  to  exteud  the  bounds  of  natural  science,  are  ever 
ready  to  furnish  the  necessary  funds  for  effecting  this  object,  to 
Institutions  or  Corporations  that  have  given  proofs  of  their 
capacity  to  make  good  use  of  these  advantages.  A  lengthy 
catalogue  of  these  "  endowments  of  research  ^  might  be  made, 
were  not  the  facts  so  widely  known  as  to  render  it  unnecessary. 
This  Atlas  of  the  Moon,  the  outcome  of  one  of  the  most  recent  of 
these  gifts,  is  being  prepared  and  published  at  the  cost  of 
Mr.  "W.  W.  Law,  of  New  York  City.  When  complete,  it  will 
consist  of  at  least  sixty  plates,  with  index-map,  made  from 
negatives  taken  by  the  36-ifi.  telescope.  It  is  on  the  same  scale 
as  the  well-known  Lunar  Chart  of  Beer  and  Madler, — vi«., 
36*36  English  inches  to  the  Moon's  diameter,  or  one-half  the  sisse 
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of  the  more  recent  Chart  of  Schmidt.  Plate  I.  shows  a  portion  of 
the  3rd  Quadrant  extending  from  the  S.  pole  to  ahout  S.  lat.  30°. 
The  formations  are  shown  under  evening  illumination, — the  west 
wall  of  Maginus  being  on  the  terminator. 

CiCHUS. — This  very  remarkable  circular  ring-plain  is  familiar  to 
the  generality  of  observers,  though  probably  there  are  many  who 
have  not  noted  some  of  the  interesting  characteristics  of  the 
mountain-arm  on  which  it  is  placed,  or  of  its  immediate  sur- 
roundings. As  regards  the  formation  itself,  the  most  striking 
features  are  the  extreme  regularity  of  its  shape,  and  the  large 
bright  crater,  C,  which  stands  on  the  summit- ridge  of  the  south- 
eastern wall,  an  object  which  Webb,  from  an  examination  of 
drawings  by  Schroter  made  in  1791  and  subsequently,  suspected  it 
had  undergone  a  great  change  in  size,  as  the  Hanoverian  astro- 
nomer represented  it  as  a. comparatively  insignificant  little  object, 
whereas  Madler  shows,  it  much  as  it  appears  at  present,  viz.,  a 
most  conspicuous  appendage  to  the  larger  ring.  As  Schroter, 
however,  thougli  as  a  rule  a  careful  draughtsman,  to  whom  more 
credit  is  due  than  has  been  vouchsafed  to  him  by  his  successors, 
doubtless  frequently  drew  such  features  in  a  conventional  way, 
merely  indicating  their  presence  by  a  small  circular  figure  with  a 
black  dot  in  the  centre,  little  reliance  can  be  placed  upon  the 
discrepancy.  Neison  states  that  the  floor  of  Cichus  sinks  more  than 
4000  feet  below  the  surrounding  surface ;  but  those  figures,  if  the 
plateau  on  which  the  formation  stands  is  meant,  must  be  reduced, 
as  it  is  raised  considerably  above  the  level  of  the  Mare  Nuhium. 
However  this  may  be,  the  crater  C  is  of  great  depth,  as  it  remains 
filled  with  black  shadow  some  time  after  the  sunlight  has  reached 
the  eastern  quiarter  of  Cichus  itself.  When  the  interior  of  the 
larger  ring  is  about  one-third  illuminated,  faint  indications  of 
terraces  are  apparent  on  the  steep  inner  slope  of  the  eastern 
rampart.  These  may  be  seen  at  the  phase  represented  in  the 
accompanying  drawing,  viz.,  when  the  formation  is  on  the  morning 
terminator. 

The  plateau,,  extending  from  the  small  ring-plain  B,  northwards 
towards  Mercator,  and  terminating  in  a  foot-shaped  projection,  is 
a  very  curious  formation.  From  B,  to  a  point  about  20  miles 
north  of  Cichus,  its  western  boundary  consists  of  a  somewhat 
steep  and  regular  cliff  rising  abruptly  from  the  Mare,  and  pre- 
senting a  slightly  concave  inflection  towards  the.  west.  At  this 
point,  however,  it  suddenly  changes  its  direction,  though  main- 
taining its  general  character,  and  bends  somewhat  more  towards 
the  east,  terminating  in  the  foot-shaped  projection  just  mentioned. 
There  is  a  somewhat  similar  cliff  on  the  eastern  side,  tlie  two 
cliffs  enclosing  a  space  recalling  the  shape  of  the  Italian  peninsula. 
This  enclosure  abounds  in  detail,  the  most  conspicuous  being  the 
large  incomplete  ring  on  the  eastern  rim  of  the  plateau,  a  little 
north  of  Cichus,  a  second  smaller  depression  still  further 
towards  the  north,  some  other -craier-like  objects  of  a  more  minute 
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tvpe,  a  quasi  cleft  running  from  the  Boutbern  side  of  the  iocom- 
plete  ring  to  the  west«rn  edge  of  the  pkiteau,  and  many  little  ridges 
and  hills.  But  by  far  the  most  noteworthy  feature  in  connection 
with  this  nemarkable  plateau  is  the  coarse  cleft  which  cuts  across 
it  from  vest  to  east.  It  can  be  traced  from  a  point  a  little  north 
of  the  crater  marked  e  in  the  drawing,  through  the  plateau,  over 
the  plain  lying  between  it  and  Capuanus,  to  the  western  border  of 
this  formation.  This  rill  was  described  by  me  in  '  The  Obser- 
vatory,' vol,  xvii,  p.  207,  though  I  only  incidentally  referred  to  the 
great  crack  or  fissu're  it  has  made  in  the  plateau.  A  glance  ai  the 
drau  ing  shows  that  it  has  broken  the  line  both  of  the  western  and 
(•astern  boundaries  of  the  boot-shaped  plateau  in  a  very  curious 
way,  and,  not  only  this,  has  apparently  cut  through  and  destroyed 
tht»  extreme  southern  wall  of  the  large  incomplete  riog  which 
borders  it  on  the  south ;  so  that  the  plateau  looks  deformed,  like  a 
child's  map-puzzle,  with  a  sectiou  omitted.      This  chasm  with  its 


continuation  (marked  ^  in  the  drawing)  would  seem  to  be  very 
clearly  of  aubsequent  date  to  the  formation  it  traverses.  When 
obaerving  it  at  8*  on  October  14th,  1888,  with  powers  284  and 
340  00  BI7  8  j-in.  CAlver,  the  east  long,  of  the  moFning  terminator 


Jan.  1897.]  Correspondence.  61 

being  about  25°'6,  I  noted  a  prolongation  of  its  direction  towards 

the  east,  beyond  the  terminator,  in  the  form  of  a  faint  narrow 

line  of  light,  evidently  a  similar  appearance  to  that  recorded  by 

Trouvelot  in  connection  with  the  ring-plain  Eudoxus  on  Feb.  20, 

1877.      The  accompanying  drawing,  which  was   made   between 

7**  30"^  and  8^  30°*  on  the  first-mentioned  date,  shows  this  marking 

as  then  recorded  with  the  two  eyepieces  used.     It  will  be  noted 

that  the  streak  appears  to  bend  slightly  towards  the  north.     I  may 

add  that  the  same  phenomenon  has  been  seen  on  two  subsequent 

occasions  when  the  conditions  of  illumination  and  libration  were 

practically  the  same ;  hence  it  is  Hkely  enough  that  it  may  often 

be  observed  at  this  particular  phase.     As  to  its  cause,  may  it  not  be 

due  to  some  kind  of  exhalation,  overhanging  the  cleft,  illuminated 

by  the  rays  of  the  rising  Sun  ?    In  some  cases,  as,  for  instance, 

the  canal-like  rill  connecting  Gardanus   and   Kraft,  the  raised 

banks   bordering  it  show  out  as   bright   lines  in   the  blackness 

beyond   the  terminator,  but  neither  in   Trouvelot's  *witer  enig- 

matique '  by  Eudoxus  nor  in  the  case  in  point  are  there  any  signs 

whatever  of  walls  bounding  the  cleft. 

The  western  section  of  the  great  Hesiod  rill,  0,  is  always  an 

easy  object  at  the  phase  represented.     It  appears  to  be  interrupted 

by  the  large  mound  close  under  the  western  clifE  of  the  plateau. 

On  several  occasions,  however,  notably  on  Nov.  13,  1888,  when 

the  east  long,  of  the  morning  terminator  was  31^*3, 1  have  almost 

certainly  followed  it  over  this  obstruction  up  to  a  small  crater 

(obscured   by  shadow  in   the  drawing)  which   lies   between  the 

mound   and  the  plateau.       Its  course   east  of  this,  previously 

described,  to  the  region  N.  of  Capuanus,  is  always  far  less  easy  to 

trace. 

Beaumont  House,  Shakespeare  Bead,  T.  GwTN  Elgeb. 

Bedford,  1896,  Dec.  19. 


CORKESPONDENCE. 

To  the  Editors  of  *  The  Observatory.' 

Periodical  Comets  due  in  1897. 
Gentlemen, — 

The  comet  (1 890  VII.)  which  was  discovered  by  Dr.  Spitaler 
at  Yiernia  on  the  morning  of  the  17th  of  November  in  that  year 
was  computed  by  him  to  be  moving  in  an  elUptic  orbit  \^ith  a 
period  of  about  6*4  years,  and  to  have  passed  its  perihelion  on  the 
27th  of  October.  A  return  to  perihelion  will  be  due  on  the  nth 
of  March  next,  and  Dr.  Spitaler  (who  is  now  attached  to  the 
Imperial  Observatory  at  Prague)  has  published  an  ephemeris  in 
Ast.  Nach.  No.  3370,  by  which  it  appears  that  the  comet  was 
nearest  the  Earth  towards  the  end  of  September,  and  that  the 
conditions  were  the  most  favourable  for  its  yisibility  in  that  month 
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and  in  October.  It  was  an  excessiyelr  faint  object  in  1890,  and 
we  must  conclude  that  there  is  little  hope  of  its  being  seen  at  the 
present  return. 

The  other  periodical  comets  due  to  return  in  1897  are  those 
kfiown  as  D' Arrest's  and  Swift's,  both  of  which  will  be  in  peri- 
helion in  the  spring.  The  former  was  discovered  at  Leipzig  on 
the  27th  of  June,  185 1.  It  was  a  very  faint  object,  and  waa 
found  to  be  moving  in  an  elliptical  orbit  with  a  period  of  about 
6jJ  years.  Accordingly  it  was  observed  again  in  the  \*'inter  of 
1857,  but  only  in  the  southern  hemisphere,  at  the  Cape  of  Good 
Hope.  In  1864  it  was  not  seen,  being  unfavourably  placed,  but 
it  was  observed  at  the  returns  of  1870  and  1877.  In  1884  it 
again  escaped  observation  (little  hope  was  felt  th^t  this  w^uld  be 
otherwise),  but  it  was  seen  again  in  the  autumn  of  1890  after  the 
perihelion  passage,  which  occurred  on  the  16th  of  Septenxber, 

Swift's  comet  was  first  discovered  by  Tern  pel  on  the  27  th  of 
November,  1869 :  but  as  its  periodicity  was  not  recogjnized  until 
after  its  re-discovery  by  Prof.  Swift  at  the  Warner  Observatory, 
Eochester,  N.Y.,  in  October.  1880,  it  is  usual  to  call  it,  by  his 
name.  The  period  is  only  about  5I  years  in  duration,  so- that  an 
unobserved  return  must  have  taken  place  in  1875.  '  B«ing 
unfavourably  placed  also  at  the  return  in  1886,  it  again  escaped 
observation ;  but.  it  was  well  observed  at  the  last  appearance  in 
1 89 1,  when  it  passed  its  perihelion  in  the  month  of  November,  the 
next  being  due  in  the  forthcoming  April  or  May. 

Yours  faithfully, 

Blackheath,  1896,  Nov.  28.  Wi  T.  Lynn. 

Discovery  of  Sperra's  Comet. 

Gentlemen, — . 

In  the  note  on  the  discovery  of  Sperra's  Comet  on  p.  404 
of  the  '  Observatory '  there  are  one  or  two  slight  errors  which  you 
will  perhaps  allow  me  sufficient  space  to  correct. 

The  facts  relating  to  this  observatory's  connection  with  the 
matter  may  be  very  simply  stated.  Mr.  Sperra's  announcement 
was  received  by  mail  on  the  afternoon  of  Sept.  r.  At  that  time  I 
was  on  the  ocean.  The  letter  was  addressed  to  me,  and  not  to  the 
Allegheny  Observatory,  and  hence  it  was  sent  to  my  residence, 
where  it  was  opened  later  in  the  evening  by  my  family^and 
returned  to  my  Assistant  with  the  request  that  it  should  be 
forwarded  to  Harvard  College  Observatory  This  was  done  by 
the  next  mail  on  Sept.  2.  Thus,  although  a  search  was  made  for 
the  comet  on  Sept.  i,  the  announcement  of  its  discovery  was  not 
held  back  for  the  result  of  this.  I  am,  however,  not  quite  prepared 
to  admit  that  such  a  course  would  necessarily,  have  been  an 
unwise  one.  .  ^ 

I  take  this  opportunity  to  correct  another  error  which,  although 
it  obviously  arises  from  a  mere  slip,  may  possibly. lead  to  some 
misunderstanding.     At  the  January  meeting  of .  the  Eoyal  Aittrc>- 
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nomieal  Society,  according;  to   the   report  in  the  '  Observatory ' 

(vol.  xix.  p.  72),  a  paper  of  mine  was  quoted  as  authority  for  tbe 

statement  that  the  Lii-k  telescope  has  a  very  large  amount  of 

spherical  aberration.     Of  course  chromatic  aberration  was  meant, 

as  my  paper  mentions   nothing  else.     A  difference  of  focus  of 

some  three  or  four  inches  for  extreme  rays  may  fairly  be  regarded 

as  very  great,  although  it  is  proportionally  no  greater  than  lor 

small   telescopes ;    on   the   other   hand,  the   Lick   telescope  has 

sensibly  no  spherical  aberration.  Yours  very  truly, 

Allegheny  Observatory,  Jambs  E.  Kebler. 

PennsylTania,  1896,  Dec.  3. 


PUBLICATIONS. 

The  Life  and  Woek  or  Charles  Pbitchard  '*. — A  literary 
critic  once  observed  that  readers  of  books  may  be  divided  into  two 
classes  :  those  who  read  for  profit  and  instruction,  and  those  who 
read  for  rest  and  amusement.  We  suppose  amongst  the  latter  are 
those  who  enjoy  biographies.  The  one  before  us  is  divided  into 
three  portions,  which  may  be  said  to  represent  the  daily  life,  the 
theological  writings,  and  the  astronomical  work  of  Prof.  Pritchard. 
Th&^ault  we  usually  notice  in  such  works  is  that  so  much  is  said 
th^  might  profitably  be  left  out,  or  so  much  is  left  out  that  might 
have*  been  advantageously  brought  forward.  The  first  of  these 
two  characteristics  is  very  evident  in  the  dull  and  tedious 
opening  chapters  in  the  work  before  us,  for  they  are  painfully 
padded  and  needlessly  expanded  by  the  introduction  of  irrelevant 
stories  and  the  relation  of  personal  episodes  concerning  the  lives 
of  others  beside  that  of  the  one  under  consideration.  For  instance, 
what  interest  can  the  ordinary  reader  of  the  lite  of  Prof.  Pritchard 
be  expected  to  feel  in  knowing  that  the  grandmother  of  the  author 
of  the  Urst  memoir  was  an  actress  of  great  ability?  so  much  so 
that  she  m^d^  **  a  majestic  curtesy  to  the  Princess,  which  brought 
down  the  house  in  thunders  of  applause."  Such  superfluities  ars 
wearying  and  depressing,  and  only  serve  to  prejudice  the  reader 
against  the  reiiiainder  of  the  book  ;  and  we  regret  that  this  escaped 
the  attention  of  the  compiler  before  publishing  the  work. 

The  reminiscences  of  school  life  by  the  late  Professor  himself, 
and  his  Ufe  at  Freshwater,  may  be  enjoyed  by  his  intimate  friend:* 
and  l^te  pupils ;  but  we  think  the  real  interest  of  the  work 
comdienp0s ' at  the  fifth  chapter,  which  is  penned  by  Miss  Ada 
Pritchard.  .^'  Her  style  is  at  once  refreshing  and  attractive,  and  the 
opc;n  and  liberal  way  in  which  she  describes  the  Professor's  sincere 
acknowledgment  of  indebtedness   to   his  late   Senior  Assistant, 

*  *  Charlea  Pritchard,  D.D.,  F  R.8.,  F.R.A.S.,  F.R.G.S.,  Lat-e  Savilian  Pro- 
feraor  of  AstFOnoray  in  the  University  of  Oxford  :  Memoirs  of  his  Life, 
compiled  by  bis  daughter,  Ada  Pritchard  ;  with  an  Account  of  his  Theological 
Wofk-  Msf  tqe  Lord  Bishop  of  Worcester,  and  of  his  Astronomical  Work  by 
Prof.  H.  H.  Turner.'    London:  Seeley  &  Oo.»  1^96. 
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Mr.  Plummer  (now  at  Liverpool  Observatory),  and  the  language 
by  which  she  records  it,  would  strike  even  the  most  casual  reader 
as  at  once  dignified  and  appropriate,  without  being  patronizing  or 
effusive.  So,  too,  with  the  article  upon  his  last  years  at  Oxford. 
Here  the  same  author  is  clear  and  impressive,  whilst  towards  the 
close  of  the  article  she  becomes  picturesque  and  even  pathetic  in 
her  language. 

With  respect  to  the  theological  section,  which  has  not  so  much 
to  do  with  the  usual  subject-matter  of  this  Journal,  we  cannot 
raise  issue  on  any  point.  The  reference  made  by  the  learned 
writer — the  Lord  Bishop  of  Worcester — to  Professor  Pritchard's 
letter  to  Pusey  is  exceedingly  d  propos,  as  affording  what  we  may 
suppose  to  be  an  excellent  example  of  the  innermost  thoughts  of 
the  man,  and  also  serving  to  illustrate  his  undoubted  power  of 
expressing  himself  intelligibly.  It  has  been  said  of  Pritchard 
that  "  what  he  meant  he  could  write,  and  what  he  wrote  others 
understood  as  he  meant "  ;  a  faculty  not  possessed  by  many  men. 
The  reference  also  to  his  celebrated  sermon  before  the  British 
Association  is  well  worth  reading. 

It  is,  however,  with  much  more  interest  that  we  read  the  article 
concerning  "  The  Astronomical  Work'*  of  the  late  Professor,  and 
we  found  it  almost  difficult  to  lay  the  book  down  whilst  we  made 
notes  as  our  reading  progressed.  The  attention  is  at  once  attracted 
by  Professor  Turner's  preface  to  his  article,  but  we  fail,  after  careful 
reading,  to  find  any  justification  for  the  apologies  he  has  so  strongly 
expressed  concerning  the  imperfections  which  may  be  expected  to 
follow.  The  account  opens  with  a  description  of  the  early  astro- 
nomical life  at  Clapham ;  then  one  or  two  remarks  about  the 
setting-up  of  the  Professor's  first  telescope  at  the  Grammar  School, 
which,  as  the  writer  observes,  are  of  some  interest, "as  showing 
the  state  of  practical  OT)tics  at  that  time."  Pritcbard's  share  in 
arranging  to  view  the  Echpse  of  i860  in  Spain  next  follows,  and 
a  diagram  of  what  he  saw  adds  additional  interest  to  the  subject. 
We  think  it  would  spoil  the  enjoyment  of  astronomical  readers  if 
more  was  said  upon  this  the  most  interesting  portion  of  the 
biography  before  us ;  but  we  must  be  allowed  to  mention  our 
appreciation  of  the  short  but  neat  and  explicit  accounts  given  of 
the  various  pieces  of  work  initiated  by  the  Professor.  Especially 
do  we  call  attention  to  that  of  the  '  Uranometria  Nova  Oxoniensis.' 
The  reference  here  made  to  the  friendly  but  animated  dispute 
which  arose  concerning  the  scale  values  of  the  wedges  employed, 
and  the  method  adopted  to  obtain  them,  between  the  Professor 
and  another  Eellow  of  the  Royal  Astronomical  Society,  is  managed 
with  much  consideration  ;  for,  whilst  relating  most  fairly  the  whole 
subject  in  a  condensed  form  from  beginning  to  end.  Professor 
Turner  has  clearly  set  forth  what  we  believe  was  the  ambition  of 
both  controversialists  from  the  first,  that  the  question  at  issue 
should  be  handled  by  each  advocate  as  much  iu  a  friendly  spirit  as 
in  a  strictly  scientific  one. 
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Here  we  must  close  our  remarks,  and  we  lay  down  the  book 
with  the  conviction  that,  notwithstanding  our  strictures  on  the 
early  chapters,  we  can  honestly  recommend  it  as  a  whole  to  readers, 
theological  and  astronomical,  who  care  for  biographies.  The 
priating  and  general  appearance  of  the  book,  including  the 
photograph  of  the  Professor,  leave  little  to  be  desired,  and  we 
congratulate  the  several  authors  and  the  compiler  on  the  com- 
pleteness of  the  work.  E.  J.  Spitta. 

The  Autobiogeaphy  of  Sib  Gboege  Aibt. — If  it  be  held  that 
the  biography  of  a  man  should  show  his  character,  and  should  be  a 
record  of  his  actions  with  the  attendant  circumstances  from  which 
his  thoughts  and  opinions  might  be  deduced,  in  the  book*  now 
before  us  there  is  something  wanting.  This  work  of  four  hundred 
large  octavo  pages  is  a  simple  history  of  the  events  in  the  long 
life  of  a  man  who  lived  entirely  for  his  work,  and  did  a  great  deal 
more  of  it  than  most  men.  The  history  is  typical  in  one  sense  of 
Airy,  for  it  is  orderly  in  the  extreme.  But  a  book  ^^Titten  in  this 
orderly  way  is  hard  reading.  After  a  short  personal  sketch  of  the 
subject  of  the  volume  written  by  the  Editor,  his  son  Wilfrid  Airy, 
the  book  goes  on  with  a  kind  of  diary  written  by  Sir  George, 
divided  after  the  year  1828  into  sections,  each  giving  a  jprecw  of 
his  occupation  during  a  year,  which,  for  the  years  after  he  came  to 
Greenwich,  are  practically  reprints  of  parts  of  the  Annual  Eeport 
of  the  Astronomer  Koyal  to  the  Board  of  Visitors,  with  additions 
relating  to  more  private  matters ;  and  these  sections  are  inter- 
spersed with  letters,  some  on  scientific  subjects,  others  purely 
personal  written  to  members  of  his  family. 

As  a  bare  statement  of  facts  this  book  is  valuable ;  the  parts 
referring  to  his  life  and  connection  with  Cambridge  IJniversity, 
and  his  letters  on  the  subject  of  the  Cambridge  examinations,  will 
interest  those  who  know  the  University.  It  will  be  valuable  also 
to  astronomers  and  especially  to  those  who  are  acquainted  with  the 
inner  working  of  Greenwich  Observatory.  But  we  doubt  whether  it 
will  be  found  interesting  as  a  book  for  general  reading.  The 
casual  reader  will  scarcely  (jare  to  know  that  "  we  stopped  at 
York ;  went  to  the  Tavern  Hotel.  In  the  morning  (Eriday)  went 
into  the  Cathedral,  &c.," — for  these  things  might  have  happened  to 
an  ordinary  person,  and  in  the  autobiography  of  an  extraordinary 
man  one  expects  extraordinary  events  ;  and  there  are  many  letters 
in  the  book,  the  tone  of  which  may  be  judged  from  the  above 
extract.  Airy  lived  at  a  time  when  science  was  largely  developing 
and  was  beginning  to  be  applied  to  the  facts  of  everyday  life,  and 
he  took  his  share  in  this  development.  He  was  one  of  the  few 
men  to  whom  the  Government  could  turn  for  an  authoritative  and 
unbiassed  opinion  on  subjects  which  may  be  called  scientific.     He 

*  Autobiography  of  Sir  George  BiddeU  Airy,  K.O.B.,  M.A.,  LL.D.,  D.O.L., 
F.B.S.,  F.K.A.S.  Edited  by  Wilfrid  Airy,  B.A.,  M.In8t.0.E.  Cambridge, 
1896. 
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was  called  to  serve  on  Government  commissions  reliating  to 
decimal  coinage,  the  sale  of  gas,  the  gauge  of  railways,  the  national 
standards  oF  length  and  weight,  harbours,  lighthouses,  sewers, 
and  such  things,  any  or  all  of  which  subjects  might  have  been  dealt 
with  and  expanded  to  form  a  readable  history  of  the  progress  of 
domestic  science  with  which  Airy  was  connected,  for  which  chapters 
space  might  have  been  found  by  sacrificing  many  of  the  private 
details  above  referred  to.  But  this  was  no  doubt  foreign  to  the 
Editor's  purpose,  who  possibly  set  himself  the  task  of  merely  pub- 
lishing the  papers  which  his  father  had  left  as  his  autobiography  ; 
and  this  being  so  we  can  have  no  quarrel  with  him. 

There  is  little  indication  in  the  book  as  to  Airy's  character,  beyond 
his  taste  for  domestic  happiness,  his  love  of  order,  of  which  he 
regarded  the  science  of  pure  mathematics  as  simply  an  extreme 
case,  and  his  disregard  of  social  honours  and  distinctions  (it  was 
only  at  a  third  offer  that  he  accepted  knighthood).  We  are  told 
that  as  a  boy  at  school  he  was  not  popular,  and  this  negative  might 
be  applied  to  him  throughout  his  life.  He  had  a  reputation  for 
moroseness.  His  initials  have  been  said  to  represent  "  Great 
Bear  Airv,'*  the  first  two  words  not  being  taken  astronomically. 
He  had  some  friends,  chiefly  men  of  scientific  tastes ;  but  these 
were  few,  as  he  would  only  treat  with  cordiality  those  whom  he 
thought  approached  himself  in  point  of  intellect ;  and  even  from 
these  he  would  brook  no  opposition,  as  may  be  judged  from  his 
quarrel  with  Sabine,  referred  to  on  p.  248  of  this  book,  who  had 
ventured  to  call  in  question  the  efficiency  of  the  Magnetic  Obser- 
vatory at  Greenwich.  Of  the  unfortunate  incidents  relating  to 
the  discovery  of  Neptune,  which  have  made  the  name  of  Airy  not  a 
little  disliked  in  Cambridge,  little  is  said ;  there  is  a  very  brief 
account  of  some  facts  in  this  connection  in  his  diary  for  1845,  to 
which  is  appended  the  remark — written,  we  should  fancy,  with  a 
grim  chuckle — "  I  was  abused  most  savagely  both  by  the  English 
and  French.*'  After  writing  the  previous  sentence  we  feel  that  we 
have  done  the  book  an  injustice  by  saying  that  it  does  not  reveal 
his  character,  for  indeed  there  are  touches  here  and  there  which  show 
the  self-satisfaction  of  Airy  which  was  born  of  his  strength  of  mind  ; 
for  he  was  a  strong  man  and  an  energetic  one,  as  will  be  realized 
by  anyone  who  reads  this  book. 

The  Cape  Photogbaphio  Dubchmustbrung. — In  1882  Dr.  Gill 
was  so  much  struck  by  the  sharp  definition  and  large  number  of 
stars  shown  on  some  photographs  of  Finlay^s  Comet,  taken  with 
rough-and-ready  apparatus,  as  to  decide  on  executing  by  photo- 
graphic methods  a  scheme  which  he  had  in  mind  of  continuing 
JSchonfeld's  Durchmusterung  down  to  the  S.  Pole,  and  thus  forming 
for  the  Southern  Hemisphere  a  catalogue  similar  to  the  Bonn 
Durchmusterung.  He  employed  for  this  purpose  a  rapid  rectilinear 
Dallmeyer  lens  of  6  inches  aperture  and  54  inches  focal  length ; 
each  plate  covered  6°  by  6°  of  the  sky,  and  plates  were  taken  with 
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their  centres  5**  apart  on  parallels  of  declinntion  5°  apart.  Different 
kinds  of  plates  were  used  in  the  course  of  the  work ;  the  exposures 
given  were  at  first  an  hour,  but  with  the  increase  of  sensitiveness 
ot  plates  this  was  diminished  to  half  an  hour :  the  time  of  exposure 
beinp:  determined  by  the  condition  that  every  star  given  in  a  selected 
area  of  Argelander's  Durchmusterung  should  be  shown  on  the 
photographic  plates.  All  areas  were  taken  in  duplicate  to  eliminate 
the  risk  of  setting  down  an  accidental  speck  as  a  star. 

The  laborious  task  of  measuring  these  plates  was  undertaken  by 
Dr.  Kapteyn.  He  devised  a  measuring  apparatus  which  gave  the 
Right  Ascensions  and  Declinatious  directly  with  which  the  positions 
and  diameters  of  about  300  or  400  star-images  an  hour  could  be 
obtained  by  two  measurers  with  a  clerk  to  enter  the  results  in 
ledgers  prepared  for  the  purpose.  The  measures  were  made  in 
duplicate,  and  discordances,  omissions,  &c.  were  all  examined  by 
Dr.  Kapteyn  himself. 

The  first  iustalment  of  Dr.  Gill's  and  Dr.  Kapteyn's  labours  is  a 
quarto  volume  containing,  besides  two  introductions,  650  pages, 
each  page  containing  about  240  stars,  and  extends  from  declination 
—  18°  to  — 37°;  two  other  volumes  will  be  required  to  complete 
the  work.  Comparison  with  various  catalogues  shows  that  the 
probable  error  of  the  Right  Ascensions  is  about  +o''26  and  of  the 
Declinations  about  +2"-7.  Besides  the  Right  Ascension  and 
Declination  for  1875-0,  the  photographic  magnitude  of  each  star 
based  on  the  measured  diameters  and  deduced  according  to  a 
discussion  by  Dr.  Kapteyn  in  the  introduction.  In  addition, 
references  are  given  as  far  as  practicable — it  net  being  convenient 
to  print  more  than  five — to  the  catalogues  of  precision  in  which 
the  star  is  given,  along  with  it«  visual  magnitude :  it  being 
Dr.  KapteynV  aim  to  give  as  far  as  possible  *'  a  condensed  history 
of  the  observations  made  on  every  individual  star  of  the  catalogue." 

Dr.  Kapteyn's  introduction  contains  a  discussion  on  photographic 
magnitudes.     The  formula  he  uses  is 

magnitude =—r , 

diameter -|-C 

where  B  and  C  are  obtained  independently  for  each  plate.  This 
formula  is,  of  course,  empirical,  but  suited  the  observations  best  of 
those  suggested,  and  the  constants  are  deduced  by  comparison  with 
the  magnitudes  (visual)  of  Schdnfeld's  Durchmusterung  or  Gould's 
*Zone  Catalogue.'  In  this  way  the  mean  photographic  magnitude 
is  made  to  agree  with  the  mean  visual  magnitude;  and  differences 
arising  from  the  plates,  the  exposures,  the  state  of  the  sky  will  be 
shown  in  the  different  values  of  B  and  C. 

In  the  discussion  of  the  magnitudes  it  is  found  that  in  some 
parts  of  the  sky  many  more  stars  are  shown  on  the  plates  than  are 
given  in  Gould's  or  Schdnf eld's  catalogues,  and  Dr.  Schojifeld 
concludes  that  '*  stars  in  the  Milky  Way  are  in  general  bluer  than 
stars  in  other  parts  of  the  eky." 


68  Notes.  [No.  24a 

Although  we  hope  to  see  Br.  GilFs  and  Dr.  Kapteyn's  work  to 
some  extent  superseded  by  the  International  Chart  of  the  Heavens, 
it  is  not  very  likely  that  the  measures  and  reductions  for  the 
Southern  Hemisphere  will  be  completed  in  less  than  twenty-five 
years,  and  till  then,  at  any  rate,  the  Cape  Durchmusterung  will  be 
of  great  value.  More  than  this,  it  will  render  a  very  great  service 
to  those  enga^:ed  in  the  Photographic  Chart  of  the  Heavens,  both 
in  the  identification  of  the  stars  and  in  the  examination  of 
individual  plates,  to  see  that  stars  down  to  the  desired  limits  of 
magnitude  are  shown,  and  will  also  serve  as  a  general  check  of  the 
reductions. 

In  respect  of  the  printing  and  general  arrangement  the  Cape 
Durchmusterung  is  all  that  can  be  desired,  and  may  well  cause 
astronomers  in  the  Northern  Hemisphere  to  wish  the  Bonn 
Durchmusterung  like  it.  F.  W.  D. 


NOTES. 

Comet  Notes. — The  following  elements  of  Perrine's  Comet 
(/  1896)  have  been  deduced  by  Prof.  Knopf  from  observations  ou 
November  4,  6,  12  (Ast.  Nach.  3387): — 

T  =  1897  Feb.  8^-13  Berlin  M.T. 

ta   172°    9' 

a 86    24 

i     146      9 

q    1*0647 

The  comet  was  observed  at  Greenwich  on  November  29  and  30, 
being  then  fairly  bright,  and  readily  visible  with  an  aperture  of 
6j|  inches.  It  had  a  decided  nucleus.  The  place  agreed  closely 
with  that  deduced  from  the  above  elements ;  these  are,  therefore, 
probably  nearly  correct. 

The  following  ephemeris  is  for  Berlin  midnight : — 

B.A.  S.  Dec. 

h    m      8  o       t 

Jan.  4. ...  19  48  32  7     2 

8. ...  19  48  33  8  19 

After  this  the  comet  is  lost  in  the  Sun's  rays,  and  on  its 
reappearance  it  is  only  visible  in  the  southern  hemisphere.  We 
have  computed  the  following  extended  ephemeris  for  the  benefit 
of  southern  observers.     This  is  for  Greenwich  midnight. 

The  brightness  reaches  a  maximum  on  April  7,  when  it  is  6*i 
times  that  at  discovery.  On  March  4  and  April  29  it  is  3*0  and 
2 '9 1'espectively, 

The  comet  is  nearest  to  the  Earth  on  April  12,  when  its  distance 
is  73,000,000  miles.     The  comet  is  certain  to  be  a  conspicuous 


•      R.A. 

S.  Dec. 

h     m      8 

0       i 

Jan. 12 . . . 

.    19  48  37 

9  35 
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telescopic  object  in  March  and  April,  and  may  possibly  be  visible 
to  the  naked  eye. 


R.A. 

S.Deo. 

R.A. 

S.Dec. 

h   m   B 

0  i 

h  m   8 

0   1 

Eeb.  8.... 

19  48  28 

18  46 

Apr, 

7... 

.  17  14  31 

75  16 

i6. . . . 

19  48  0 

22   5 

9... 

.16   2  44 

77  49 

24. . . . 

19  47  4 

26  0 

II. . . 

.  14  26  8 

78  46 

Mar.  4 

19  45  12 

30  54 

13. •' 

.  .12  50  52 

77  37 

12 ... . 

19  41  22 

37  12 

15..., 

.  II  42   4 

74  49 

20. .  . . 

19  32  56 

45  42 

17.... 

10  58  16 

71  10 

24. . . . 

19  25  8 

51  3 

21 ... . 

10  II  22 

6^   21 

28 

19  12  8 

57  17 

25.... 

9  49  2 

55  55 

Apr.  I 

18  48  42 

64  21 

29.... 

9  37  6 

49  23 

5. ... 

18  0  12 

71  49 

Ast.  Nacb.  3391  contains  new  elliptical  elements  of  Giacobini's 
comet,  by  Messrs.  Hussey  and  Perrine,  deduced  from  numerous 
observations  extending  from  Sept.  8  to  Oct.  29. 


T  =  1896,  Oct.  25^-985  Greenwich  M.T. 

139°  29' 
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0*6360 
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The  following  ephemeris  for  Berlin  midnight  has  been  deduced 
by  Prof.  Kreutz  from  Perrotin's  elements  (Ast.  Nach.  Z3^^)' 
The  E.A.  of  the  ephemeris  is  probably  too  great  by  some  50 
seconds : — 


Jan. 


The  brightness  is  steadily  diminishing,  and  on  January  5  is 
o'39  of  that  at  discovery. 

The  following  ephemeris  of  Brooks'  Comet  (1889  Y.)  is  for 
Berlin  midnight  (Ast.  Nach.  3389).  The  brightness  is  now  only 
half  that  at  re-discovery : — 


E.A. 

S.  Dec. 

E.A. 

S.  Deo. 

h  m   8 

0   / 

h  m   8 

0   i 

X  .  .  .  . 

23  3  58 

6  43 

Jan. 13. . . . 

n  38  37 

4  15 

5  •  •  • ' 

23  15  43 

5  54 

17. . . . 

23  49  46 

3  24 

9. . . . 

23  27  16 

5  5 

21. . . . 

0  0  43 

2  34 

Jan. 


R.A. 

h  m   8 

N.Dec. 

0   1 

2  .  .  .  . 

0  .  .  •  . 

23  54  29 

0   5  22 

0  27 

1  52 

14  •  *  •  • 

0  16  27 

3  17 

Jan. 


Feb. 


20. 

26. 

I . 


B.A 

h    m      s 
o  27   41 

o  39     5 
o  50  36 


N.  Dec. 

o       / 
4  42 

6  6 

7  30 


A  new  comet  {g  1896)  was  discovered  by  Perrine  on  December  8 
The  comet  is  stated  to  be  bright,  with  a  well-defined  nucleus,  and 
a  tail  some  30'  long.  It  is  well  placed  for  observation,  being  on 
the  meridian  at  about  8  p.m. 

VOL.  XX.  G 
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The  following  elements  and  ephemeris  for  Greenwich  midnight 
have  been  deduced  by  Eistenpart  from  observations  on  December 
8,  9,  10: — 

1=1896  Nov.  3o'*7i  Greenwich  M.T. 

«    170°    3' 

Sh 244    50 

i     14    46 

q     i*i48i 


Jan. 


The  brightness  is  decreasing,  being  on  January  3rd  0*46  of  that 
at  discovery. 

Ast.  Nacb.  3389  contains  definitive  elements  of  Comet  T890  I. 
by  Prank  G.  Eadelfinger ;  this  comet  was  discovered  by  Borrelly 
on  December  12,  1889,  and  78  observations  are  available,  the  last 
being  on  1890,  January  16. 

T  =  1890,  Jan.  26'i-5i78  Berlin  M.T. 

<a 199°  51'  40"] 

ii 8    28      6    I  1890-0 

*     56    44    15  J 

log  g' 9*43098 

A.  C.  D.  C. 

MiNOE  Planet  Notes. — The  following  planets,  discovered  by 
Charlois,  1892,  November  25,  28,  have  been  named  (Ast.  Nach. 
3389)  : — (346)  Hermentaria ;  (347)  Pariana. 

A  new  planet,  DB,  was  discovered  by  Charlois  on  1896, 
December  7.     He  discovered  another,  DC,  on  Dec.  28. 

An  Appendix  to  the  '  BerUner  Jahrbuch '  has  been  issued 
containing  ephemerides  of  a  great  number  of  planets  which  pass 
opposition  during  the  next  six  months.  A.  C.  D.  C. 


Obituary  :  De.  B.  A.  Gottld. — Benjamin  Apthoep  Gould 
was  born  in  Boston,  September  27,  1824.  He  entered  the  Boston 
Latin  School  in  1836,  and  graduated  from  Harvard  College,  with. 
high  distinction  in  classical,  as  well  as  in  mathematical  and  physical 
studies,  in  1844.  After  teaching  for  a  year  in  the  Latin  School, 
he  decided  to  devote  himself  to  a  purely  scientific  career.  As  a 
preparation  for  this,  he  went  to  Europe  in  July,  1845,  to  study 
astronomy,  working  at  the  Greenwich  Observatory  three  months, 
at  the  Paris  Observatory  four  months,  at  the  Berlin  Observatory 
a  year,  at  Altona  Observatory  four  months,  and  at  Gotha  Obser- 
vatory one  month.  He  returned  home  in  1848.  In  1852  he  was 
appointed  to  take  charge  of  the  longitude-determinations  of  the 
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Coast  Survey.  He  organized,  developed,  and  extended  this  service, 
retiring  in  1867.  Meanwhile,  in  1855,  he  became  Director  of 
the  Dudley  Observatory  in  Albany,  equipped  and  organized  the 
institution,  and  carried  it  on  without  remuneration  aud  at  his 
private  expense.  He  left  it  in  1859,  after  a  severe  struggle  to 
preserve  the  institution  for  purposes  of  scientific  investigation. 

In  1859  he  published  his  discussion  of  the  places  and  proper 
motions  of  circumpolar  stars,  for  use  as  standards  in  the  Coast 
Survey.  These,  as  revised  by  him  in  1861,  together  with  his 
similar  list  of  clock-stars,  were  adopted  as  the  standards  for  the 
American  Ephemeris,  and,  as  to  the  circumpolars,  remain  in  such 
use  to  this  day.  In  1866  he  published  his  reduction  of  D'Agelet's 
observations.  About  the  same  time  he  performed  a  similar  service 
for  the  greater  part  of  the  observations  made  at  the  United  States 
Naval  Observatory  since  its  establishment,  and  also  for  the  expedi- 
tion to  Chili  to  determine  the  solar  parallax.  In  1866  he  planned 
and  executed  the  work  of  establishing,  by  the  Atlantic  cable,  the 
relation  in  longitude  between  European  and  American  stations. 
As  a'jtuary  of  the  United  States  Sanitary  Commission  he  conducted, 
and  published  in  a  large  volume,  extensive  and  important  researches 
upon  Military  and  Anthropological  Statistics  and  the  Distribution 
of  Population.  About  the  same  time  he  undertook  the  reduction 
of  Rutherfurd's  photographs  of  the  Pleiades.  The  results,  parti- 
ally published  in  1866,  were  submitted  completely,  in  an  elaborate 
memoir,  to  the  National  Academy  in  1870,  together  with  a  second 
memoir  on  the  Praesepe.  He  was,  indeed,  a  pioneer  in  the  utiliza- 
tion of  photography  for  exact  astronomical  measurement.  About 
1864  he  built  an  observatory  in  Cambridge,  equipped  with  an  8-ft. 
transit-instrument,  and,  until  1867,  carried  on  a  determination  of 
the  right-ascensions  of  all  the  stars  to  the  tenth  magnitude  within 
one  degree  of  the  pole.  This  work  was  completely  reduced,  but 
the  discussion  and  publication  were  postponed  by  his  removal  to 
Cordoba. 

In  1865  he  became  intensely  impressed  with  a  desire  to  explore 
the  southern  celestial  hemisphere.  The  opportunity  to  do  so  soon 
came.  This  project  assumed  at  first  the  form  of  a  private  astrono- 
mical expedition,  for  which  his  friends  in  Boston  had  promised 
the  pecuniary  means  ;  but,  under  the  enthusiastic  support  of 
Mr.  Sarmiento,  at  first  as  Argentine  Minister  to  this  country,  and 
lat/cr  as  President  of  that  Republic,  it  rapidly  broadened,  and 
finally  lead  to  the  establishment  by  Dr.  Gould  of  a  permanent 
National  Observatory  at  Cordoba.  This  marks  an  epoch  in  modem 
astronomy,  the  equalization  of  our  knowledge  of  the  two  celestial 
hemispheres.  The  institution  and  its  work  form  an  impressive 
monument  to  his  memory. 

It  is  impossible,  in  brief  space,  to  describe  or  characterize  the 
marvellous  work  here  undertaken  and  so  faultlessly  pushed  to 
completion  by  Dr.  Gould,  during  the  fifteen  years  of  self-imposed 
exile  from  his  native  land,  with  unfaltering  devotion  and  energy, 
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in  the  face  of  difficulty  and  domestic  bereavement.  The  work  on 
the  uranography  of  the  southern  heavens  was  finished  in  1874, 
and  was  published  under  the  title  of  the  "  Uranometria  Argentina," 
which  will  remain  a  classic  for  all  time.  The  zone-observations, 
of  the  stars  between  23°  and  80°  south  declination,  which  were 
the  original  and  always  the  dominant  object  of  the  enterprise, 
were  begun  in  1872,  substantially  completed  in  1877,  and  revised 
in  1882-83.  This  work  was  embodied  in  the  Zone-Catalogues 
containing  73,160  stars,  which  appeared  in  1884.  Parallel  with 
this,  and  almost  overshadowing  it  in  importance,  was  carried  on 
the  independent  series  of  meridian-circle  observations  for  the 
Greneral  Catalogue  of  32,448  stars,  completed  in  1885.  Dr.  Gould, 
besides,  left  the  manuscript  of  the  remainder  of  his  series  of  fifteen 
volumes,  not  then  published — containing  the  observations  and  the 
annual  catalogues,  incorporated  in  the  General  Catalogue — complete 
to  the  minutest  detail,  ready  for  the  printer.  These  have  since 
appeared  from  time  to  time — the  last  volume,  rounding  out  his 
work,  reaching  Cambridge  but  a  few  hours  before  his  death. 

Another  part  of  the  work  for  the  Cordoba  Observatory,  planned 
by  Dr.  Gould  as  a  fitting  extension  of  it,  was  a  Durchmusterung 
of  the  southern  sky.  For  this,  indeed,  he  had  provided  the  instru- 
mental means  and  trained  the  assistants,  it  being  his  purpose  to  be 
ready  to  begin  it  at  any  time  in  case  of  unforeseen  delay  or  accident 
to  the  other  work.  On  leaving  Cordoba  he  confided  it  to  the  care 
of  Dr.  Thome  and  Mr.  Tucker,  who  have  since  so  worthily 
conducted  it. 

Dr.  Gould  was  one  of  the  earliest  to  recognize  the  capabilities 
of  photography  to  render  service  to  astronomy  of  precision.  At 
Cordoba  he  secured  about  1400  plates  showing  photographs  of 
southern  stellar  clusters.  The  principal  occupation  of  the  last  ten 
years  of  his  life  has  been  the  measurement  and  reduction  of  these. 

The  establishment  of  the  '  Astronomical  Journal '  is  not  the 
least  of  the  services  rendered  to  the  science  by  the  late  Dr.  Gould. 
Feeling  this  to  be  one  of  the  wants  of  astronomy,  in  184;  he  began 
this  journal  as  a  medium  for  the  publication  exclusively  of  original 
investigations.  He  edited  the  journal  until  at  the  end  of  the 
sixth  volume  in  1861  its  issue  was  interrupted  first  by  the  war  for 
the  preservation  of  the  Union,  and  afterwards  by  his  absence  in 
Cordoba.  In  1885  he  resumed  its  publication,  which  he  continued 
until  the  end  of  his  life. 

Dr.  Gould  married,  in  1861,  Mary  Apthorp  Quincey,  daughter 
of  the  Hon.  Josiah  Quincey,  and  to  her  his  '  Catalogue  of  Southern 
Stars  '  is  dedicated.    (Abridged  from  Ast.  Jour.  No.  389.) 

NATtJBB  for  Dec.  24  announces  the  death  of  Mr.  Sidney  Waters, 
a  well-known  member  of  the  Koyal  Astronomical  Society.  He 
was  elected  a  Fellow  in  1873,  and  shortly  after  communicated 

Spew  on  the  distribution  of  star-clusters  and  nebulas  in  space. 
d  has  recently  continued  this  investigation  by  constructing  charts 
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showing  this  distribution  in  relation  to  the  Milky  "Way,  which 
were  exhibited  at  the  Eoyal  Society's  conversazione  in  1895. 
Mr.  "Waters  was  a  comparatively  young  man,  and  his  death  wHl 
come  as  a  shock  and  surprise  to  many. 

The  death  is  also  announced  of  Dr.  Axel  MoUer,  Professor  of 
Astronomy  in  the  University  of  Lund,  and  Director  of  the  Obser- 
vatory. The  work  for  which  he  will  be  chiefly  remembered  is  his 
investigation  of  the  motion  of  Faye's  Comet,  and  the  calculation 
of  the  disturbance  of  its  orbit  by  the  planet  Pandora,  for  which 
he  received  the  Gold  Medal  of  the  Eoval  Astronomical  Society  in 
February  1881.  As  Director  of  the  Lund  Observatory,  he  has 
contributed  the  zone  +35°  to  -f  40°  to  the  Catalogue  of  the 
Astronomische  Gesellschaft.  Dr.  Moller  was  elected  an  Associate 
of  the  E.A.S.  on  1874  Nov.  13.  He  was  born  1830  Feb.  13, 
and  was  therefore  in  his  67th  year  at  the  time  of  his  death. 


The  Companion  to  Sirius. — It  will  be  remembered  that,  on 
Aug.  31,  Dr.  See  discovered  and  measured  a  faint  object  which  he 
thought  was  the  companion  of  Sirius.  Dr.  See  observed  with  the 
26-inch  Lowell  refractor.  As  Messrs.  Lowell  and  Cogshall  also 
measured  this  object,  and  saw  it  practically  in  the  same  position, 
the  discrepancy  between  the  observed  and  predicted  place  seemed 
to  point  to  some  defect  in  the  calculated  orbit.  Since  then,  how- 
ever, the  Lick  observers  have  also  measured  what  they  take  to  be 
the  companion,  their  place  agreeing  well  with  the  predicted.  The 
measures  are : — 


1896*671. . 
•672. . 
•678.. 

1896-819.. 
•829. . 


224°*9  6"'32  Cogshall. 

225  '2  5  '28  Lowell. 

220  '6  5  '07  See. 

189-3  3  -68  Aitkin. 

189  -8  3  -65  Schaeberle. 


Does  this  mean  that  there  are  two  companions  ? 

The  Companion  to  Peocton. — With  reference  to  this  com- 
panion, which,  as  we  announced  in  our  last  number,  has  recently 
been  re-discovered  by  Prof.  Schaeberle  at  Lick,  it  may  be  of 
interest  to  recall  its  previous  history.  Dr.  Auwers,  from  a  dis- 
cussion of  transit  observations  of  Procyon,  predicted  a  companion 
in  position-angle  97°,  this  position  being  for  JMarch  1874. 
0.  Struve  had  reasons  for  suspecting  the  existence  of  a  companion 
in  1873,  and  in  1874  he  and  his  assistant  measured  one  in  position- 
angle  95° ;  and  although  the  companion  could  not  be  seen  with  the 
Washington  26-inch,  Prof.  Struve  was  confident  of  its  reality. 
The  period  determined  by  Auwers  was  39*9  years,  radius  of 
orbit  i"*o. 

That  Procyon  has  a  disturbed  motion  is  borne  out  by  Mr. 
Thackeray's  discussion  of  the  Greenwich  Transits  for  60  years 
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(M.  N.  1895,  Nov.),  but  for  over  20  years  no  one  has  seen  this 
companion,  and  the  observers  at  Lick  are  to  be  congratulated  on 
the  result  of  their  search. 

In  1876,  when  Messrs.  Clark,  Watson,  Peters,  Newcomb,  Hall, 
and  Todd  were  looking  for  this  companion  they  found  three  others 
in  positions  (io°— 6"),  (36°— 8"-8),  and  (50^—10"). 

Stabs  having  Peottliae  Spectra. — Harvard  Circular  No.  12 
gives  a  list  of  9  stars  whose  spectra  have  been  noted  by 
Mrs.  Fleming  as  peculiar  in  her  examination  of  the  Draper 
Memorial  Photographs.  The  spectrum  of  one  of  these,  ^  Puppis, 
is  thus  described : — "  The  continuous  system  is  traversed  by  three 
systems  of  lines.  Pirst  the  hydrogen  lines  and  the  line  K,  which 
are  dark,  as  in  stars  of  the  first  type.  Second,  two  bright  bands 
or  lines  whose  approximate  w^ave-lengths  are  4652  and  4698,  which 
may  be  identical  with  the  adjacent  lines  in  spectra  of  the  fifth 
type.  Third,  a  series  of  lines  whose  approximate  w^ave-leugths 
are  3814,  3857,  3923,  4028,  4203,  and  4505,  the  last  line  being 
very  faint.  These  six  lines  form  a  rhythmical  series  like  that  of 
hydrogen,  and  apparently  are  due  to  some  element  not  yet  found 
in  the  stars  or  on  the  Earth."  The  circular  goes  on  to  say  that 
the  formula  of  Balmer  will  not  represent  this  series  of  lines,  but 
that  the  numerical  values  of  the  wave-length  are  approximately 

represented  by  the  formula  4650—- —  1032,  when  m  is  put 

wr  —  ^ 

successively  equal  to  to,  9,  8,  7,  6,  5. 

Two  other  of  the  9  stars  are  said  to  have  spectra  similar  to  this, 

containing  two  bright  bands  resembling,  and  perhaps  identical 

with,  those  in  the  spectrum  of  f  Puppis. 

A  Method  of  determining  Eelatiye  Motion  in  the  Line  of 
Sight. — Harvard  College  Circular  No.  13  describes  a  method 
which  is  being  tried  by  Prof.  E.  C.  Pickering  and  Mr.  E.  S.  King 
for  using  the  objective  prism  to  determine  the  relative  motion  of 
two  stars  in  the  line  of  sight,  which  two  must,  for  the  application 
of  the  method,  be  near  enough  together  to  be  photographed  upon 
the  same  plate.  Let  A  and  B  be  two  such  stars,  A  being  at  rest 
and  B  approaching  with  such  a  velocity  that  a  given  line  in  its 
spectrum  is  deviated  by  the  amount  c?,  and  let  a  photograph  be 
taken  in  such  a  position  that  the  end  of  shorter  wave-length  of 
the  spectrum  of  B  is  turned  towards  that  of  A.  Then  the  distance 
between  the  images  of  the  given  line  in  the  two  spectra  will  be 
less,  by  the  amount  d,  than  it  would  be  if  both  stars  were  at  rest. 
Now  let  another  photograph  be  taken  in  which,  by  turning  the 
prism  180%  the  spectra  are  turned  by  the  same  amount,  so  that 
the  end  of  greater  wave-length  of  the  spectrum  of  B  is  turned 
towards  that  of  A.  The  distance  between  the  two  lines  will  then 
be  increased  by  an  equal  amount.  If  two  such  photographs  are 
superposed  and  the  images  of  the  reference  line  in  the  spectra  of 
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A  are  made  to  coincide,  its  images  in  the  spectra  of  B  will  deviate 
by  2d.  To  apply  this  method,  a.  photograph  of  a  region  a  little 
east  of  the  meridian  is  taken  in  the  usual  way.  Then  the  tele- 
scope is  reversed  and  a  second  photograph  of  the  same  region  on  a 
plate  with  the  film  side  away  from  the  star,  so  that  the  photograph 
is  taken  through  the  glass.  As  both  photographs  are  taken  near 
the  meridian,  the  lines  will  be  nearly  perpendicular  to  the  length 
of  the  spectrum,  while  at  a  large  hour-angle,  if  the  exposure  is 
long  and  the  spectra  narrow,  the  lines  will  cross  them  obliquely, 
owing  to  the  differential  refraction.  Reversing  the  telescope  turns 
the  prisms,  and  with  them  the  spectra  exactly  i8o^.  In  making 
the  examination  the  plates  are  placed  film  to  film,  so  that  the 
spectra  are  side  by  side,  and  one  is  moved  over  the  other  by  means 
of  a  micrometer-screw. 

Some  preliminary  tests  have  been  made,  but  no  results  are  given 
which  would  show  the  success  of  the  method,  or  the  reverse. 


Sttn-spots  and  the  Weather. — The  latest  research  on  this 
subject  is  by  M.  Marcel  BriUouin,  who  communicated  a  paper  to 
the  '  Comptes  Rendus  '  through  M.  Mascart.  His  theory  is  that 
whenever  a  spot  is  brought  by  the  solar  rotation  on  to  the  visible 
disk  of  the  Sun,  that  a  change  takes  place  in  the  terrestrial  atmo- 
sphere. Generally  this  change  is  shown  by  the  formation  of  cirrus 
cloud  in  a  low-pressure  region,  which  then  moves  to  a  region  of 
high-pressure.  M.  BriUouin  supports  this  theory  by  stating  that 
he  had  observed  for  more  than  a  year  that  whenever  cirrus  of 
this  character  had  formed,  a  new  spot  had  entered  on  the  E.  limb 
of  the  Sun. 

A  writer  in  the  B.  A.  A.  Journal  pertinently  remarks  on  this, 
that  so  long  as  fresh  spots  are  almost  of  daily  occurrerce  this  fact 
is  of  little  value.  It  will  be  well  to  wait  for  the  sun-spot  minimum 
before  placing  much  trust  in  this  theory. 

The  Solar  Eclipse  op  1896,  Aug.  9. — M.  Deslandres  presented 
his  report  on  the  expedition  to  Yezo  to  the  Academy  of  Sciences 
on  Dec.  7,  which  is  published  in  the  '  Comptes  Eendus '  for  that 
date.  After  describing  the  personnel,  circumstances,  and  equip- 
ment of  the  expedition,  he  goes  on  to  say  that  at  the  approach  of 
totality  clouds  did  not  entirely  prevent  the  crescent  Sun  from 
being  seen,  and  also  that  after  second  contact  it  was  just  possible 
to  see  the  corona,  but  under  conditions  so  unfavourable  that  he 
resolved  to  abandon  his  original  programme,  and  to  expose  plates 
in  the  seven  cameras  for  the  whole  time  of  totality  (2™  35*)  on  the 
eclipsed  Sun.  Six  of  the  seven  exposed  plates  show  an  image  of 
the  corona  more  or  less  distinct.  The  seventh  shows  nothing, 
"  The  photographs  show  the  coronal  ring  diffused  at  its  internal 
edge,  and  nearly  destitute  on  the  exterior  of  characteristic  rays. 
There  can  only  be  seen  faint  streamers  in  directions  N.W., 
N.E.,  and  S.W.     But  these  plates  show  plainly  the  general 
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distribution  of  light  in  the  corona :  a  study  of  them  leads  to  some 
general  results,  and  throws  light  on  the  question  of  the  connection 
between  the  spots  and  the  corona." 

The  "Gemintd"  Mbteoes. — ^Prof.  A.  Herschel  sends  us  from 
Slough  a  note  of  his  recent  observations  of  this  meteor-shower ;  he 
says : — "  The '  Geminid'  shower  was  going  on  briskly  when  I  returned 
here  at  1 1**  50"  p.m.  from  Burlington  House  last  Friday,  Dec.  i  ith, 
and  I  mapped  9  tracks  between  ii*"  55™  and  12**  25™  (or  at  the 
rat^  of  18  per  hour),  when  the  sky  clouded  over  and  remained 
overcast  throughout  the  night.  Last  night  (Dec.  1 2),  with  the  sky 
again  quite  clear,  only  10  or  12  Greminids  were  mapped  from  10  p.m. 
until  midnight,  or  at  the  rate  of  5  or  6  per  hour;  showing  that  the 
maximum  certainly  took  place  this  year  on  the  nth  (as  it 
should  do  owing  to  leap-year),  instead  of,  as  it  most  frequently 
does,  on  the  night  of  Dec.  12. 


The  Eecent  Eaethqttakb. — Though  this  phenomenon  scarcely 
comes  under  the  head  of  astronomy,  it  may  be  well  to  record  here 
that  at  about  half-past  five  on  the  morning  of  Thursday,  Dec.  17, 
an  earth-wave  was  distinctly  observed  to  pass  through  England. 
The  wave  appears  to  have  originated  in  Hereford,  and  to  have 
travelled  eastward,  just  affecting  the  northern  suburbs  of  London ; 
no  great  damage  was  sustained. 


Time-reckoning. — From  May  i  next  Belgium  will  adopt  the 
system  of  time-reckoning  for  general  use  in  which  the  day  is  divided 
into  twenty-four  hours  numbered  consecutively  ;  the  hour  after 
noon  being  called  13  instead  of  i  p.m.,  as  heretofore.  It  will  be 
remepabered  that  Greenwich  Time  is  the  standard  legal  time  for 
Belgium.  We  have  reason  for  thinking  that  the  universal  or  zone 
time-system  may  possibly  be  soon  greatly  developed.  The  subject 
is  being  actively  pursued  by  the  Eoyal  Society  of  Canada,  which 
body  has  for  a  long  time  taken  much  interest  in  it. 


We  have  been  informed  that  M.  Maurice  Loewy  has  been 
appointed  to  the  Directorship  of  the  Paris  National  Observatory, 
rendered  vacant  by  the  recent  death  of  M.  Tisserand.  M.  Loewy 
has  been  a  member  for  many  years  of  the  staff  of  the  Paris  Obser- 
vatory, and  previous  to  his  new  appointment  held  the  position  of 
SottS'Directeur,  He  has  done  work  in  many  branches  of  astronomy, 
the  Equatorial  Coude  is  his  invention,  and  his  lunar  photographs, 
taken  in  co-operation  with  M.  Puiseux,  frequently  figure  in  the 
list  of  presents  to  the  B;oyal  Astronomical  Society.  M.  Loewy  is 
a  member  of  the  Bureau  des  Longitudes,  and  has  taken  an  active 
part  in  several  longitude  determinations.  He  has  published 
catalogues  of  stars,  besides  many  investigations  on  subjects  of 
geometrical  astronomy. 
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A  MONUMENT  in  memory  of  Father  Secchi,  the  former  Director 
of  the  Observatory  Collegio  Romano,  has  been  erected  at  Eeggio 
(Emilia),  where  he  was  born.  The  sum  of  78,000  francs  was 
publicly  subscribed  for  this  purpose. 

The  Editorship  of  the  *  Astronomical  Journal,'  left  vacant  by 
the  death  of  Dr.  Q-ould,  has  devolved  on  Dr.  S.  C.  Chandler,  whose 
frequent  contributions  have  added  much  to  the  value  of  this 
publication  in  recent  years. 

M.  PoiNCAB^  has  been  appointed  Professor  of  Mathematical 
Astronomy  and  Celestial  Mechanics  in  place  of  the  late  M.  Tis- 
seraud. 


From  an  Oxford  Note-Book. 

"  I  SUPPOSE  you  will  become  sane  again  now  ?  "  was  the  greeting 
of  a  friend  the  other  day,  a  propos  of  the  return  of  the  Note- book 
from  its  wanderings.  It  somewhat  alarmed  me  to  find  that 
the  giddiness  caused  by  performing  a  half-revolution  of  the 
earth  in  both  directions  had  been  so  noticeable,  and  I  will  do  my 
best  to  return  to  a  proper  sobriety,  horwever  difficult  this  may  be. 
There  is  a  certain  season  a  bleness  about  this  effort  too,  considering 
that  Christmas  is  just  over :  though  this  latter  fact  is  not  con- 
ducive to  serious  and  sustained  mental  effort.  But  before  the 
relapse  I  feel  compelled  to  give  my  gentle  reprover  a  severer 
shock  than  usual,  and  hence  I  am  going  to  devote  one  more  para- 
graph to  a  journey  round  the  world — not  half  round,  but  all  round 
this  time,  and,  moreover,  "  Eound  the  World  with  a  Gaiety  Girl." 

Who  would  suppose  that  a  book  with  this  title  "  Bound  the 
World  with  a  Gaiety  Girl*'  contained  anything  to  interest  a  sober 
astronomer  ?  The  Last  three  \^  ords  of  the  title  should  really  have 
another  set  of  inverted  commas  to  themselves ;  for  they  are  the 
name  of  a  lively  play  which  a  wandering  company  played  in  all 
parts  of  our  earth  ;  and  the  book  recounts  their  adventures.  But 
the  heading  of  the  chapter  on  Australia  contains  the  sub-headings 
Sydney :  Beautiful  Weather — Public  Buildings — Jails — University 
— Observatory — Suburbs — the  Harbour  ;  and  so  I  spent  two 
shillings  on  the  book  to  see  how  Mr.  Bussell  had  got  mixed  up 
with  the  plot.  I  was  also  curious  to  know  whether  the  proximity 
of  the  Observatory  to  Jails  was  entirely  accidental;  whether, 
perhaps,  those  who  had  erred  in  public  buildings  and  been 
committed  to  jail  had  opened  to  them  a  path,  through  hard  work 
at  the  University,  to  the  peaceful  life  of  an  astronomer,  termi- 
nating in  a  retirement  to  the  suburbs.  But  the  next  item  in  the 
programme  was  startling  :  that  any  author  should  have  separated 
Sydne}'  and  its  harbour  so  widely  shook  one's  faith  in  him  to  its 
foundations,  and  without  further  speculation  I  turned  to  the  actual 

VOL.  H.  H 
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contents.  They  were  not  very  exciting.  It  will  be  best  to  give 
the  whole  astronomical  extract  as  it  stands,  to  save  others  the 
reference : — "  Some  of  the  other  buildings  we  visited  also,  but 
memory  unfortunately  fails  to  recall  their  attractions.  To  the 
Observatory,  a  great  improvement  on  the  older  establishment  out 
Parramatta  way,  we  were  most  hospitably  welcomed  by  Mr.  H.  C. 
ttussell,  the  G-ovemment  Astronomer,  who  brought  us  nearer  to 
that  disappointing  constellation,  the  Southern  Cross,  and  showed 
us  some  of  his  beautiful  sky  photographs."  This  brief  account  is 
all  very  well  in  its  way,  but  does  not  represent  the  author  at  his 
best.  Witness  the  following  vivid  sentence  descriptive  of  a  troubled 
crossing  of  the  Atlantic: — "  On  the  sixth  day  from  port,  one  of 
the  company  was  heard  asking  loudly  for  the  bathroom,  to  which 
a  benevolent  steward  kindly  conducted  him." 


The  mention  of  the  Sydney  Observatory  reminds  me  that 
Mr.  Russell  has  lately  passed  through  rather  a  trying  ordeal  with 
triumph.  A  "  Civil  Service  Board  '*  was  appointed  by  the  Parlia- 
ment of  New  South  Wales  to  reorganize  the  Civil  Service  (which  of 
course  includes  the  Observatory),  with  the  object  of  reducing 
expenditure  in  every  possible  way.  The  Board  managed  to  reduce 
the  Observatory  vote  by  the  large  sum  of  ten  pounds !  This  says 
a  great  deal  for  the  economical  organization  of  the  Observatory, 
and  Mr.  Russell  must  feel  greatly  relieved,  although  it  is  bad 
enough  to  lose  even  ten  pounds  in  these  times. 


The  return  of  the  Notes  to  their  ordinary  course  is  a  suitable 
occasion  for  making  a  recantation.  Before  leaving  for  Japan  I  had 
accused  Mr.  Percival  Lowell  of  a  mathematical  error  in  his  book 
on  Mars  (Obs.  1896,  April,  p.  178).  Mr.  Lowell  wrote  support- 
ing his  original  statement  (p.  198),  and  he  was,  as  a  matter  of  fact, 
quite  right,  and  my  criticism  wrong.  For  the  long  delay  in  making 
this  acknowledgment,  I  have  only  the  excuse  that  Mr.  Lowell 
himself  puzzled  me  by  writing  a  letter  curiously  at  variance  with 
bis  paper ;  and  being  very  busy  at  the  time  with  preparations  for 
the  eclipse  which  would  not  wait,  all  I  could  do  was  to  print  his 
paper  (as  on  p.  198),  and  to  give  the  ambiguous  sentence  from  his 
letter  on  p.  217.  But  when  leisure  allowed  of  a  careful  recon- 
sideration of  the  matter,  I  saw  that  the  sentence  in  the  letter  must 
not  be  taken  too  seriously,  while  the  paper  must.  I  may  say  that 
I  wrote  to  Mr.  Lowell  to  this  effect  some  time  ago. 


A  EEVIBW  of  the  lately  published  Autobiography  of  Sir  George 
Airy  in  the  *  Pall  Mall  Gazette '  of  Nov.  24th  last  introduced  to 
us  several  new  facts,  of  which  the  following  extract  is  a  sample : — 

"  Another  controversy  in  which  Airy  became  engaged  relates  to 
tbe  rival  claims  of  Adams  and  Le  Yerrier  as  discoverers  of 
S'eptone.    The  story  is  an  old  one,  how  Adams,  working  out  his 
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great  theory  with  the  aid  of  a  pocket  telescope,  sent  to  Greenwich 
the  calculations  embodying  his  work,  and  how  they  were  there 
pigeon-holed  *and  ignored  until  the  French  astronomer  had  pub- 
lished his  version. 

Bead  between  the  lines  this  emphasizes  a  remarkable  feature  of 
the  Autobiography,  viz.  that  the  references  to  the  discovery  of 
Neptune  are  so  slight — a  mere  sentence  or  two.  The  poor  reviewer, 
after  hunting  up  and  down  the  book  for  information,  was  obliged 
to  fill  in  the  "  old  story  "  from  memory  and  imagination,  and  hence 
the  unfortunate  "  pocket  telescope.''  The  Autobiography  is  in 
fact  a  faithful  reflection  of  the  diary  kept  by  Airy,  in  which  there 
is  no  mention  of  the  matter  at  all  in  1845,  although  careful  records 
of  the  weather  are  made.  Airy's  wonderful  method  was  in  fact 
sometimes  a  weakness  rather  than  a  strength,  as  Mr.  Wilfrid  Airy, 
in  editing  the  Autobiography,  has  himself  remarked.  When  the 
weight  of  years  began  to  tell,  he  became  almo  t  more  anxious  to 
file  or  pigeon-hole  his  letters  in  their  proper  places  than  to  master 
their  contents  or  answer  them.  And  without  laying  too  much 
stress  on  this  mastery  of  the  ruling  passion  at  the  close  of  a  long 
life,  we  may  perhaps  divine  from  it  something  of  the  strength  of 
this  passion  for  order  and  method  throughout  Airy's  working  life. 
The  weather  clearly  lent  itself  readily  to  methodical  record ;  while 
to  pick  out  from  the  events  and  correspondence  of  the  day  any 
prominent  or  exceptional  feature  would  involve  a  conscious  and 
critical  effort.  Hence  the  visit  of  Adams  to  the  Observatory  in 
1845  October  was  not  recorded,  though  the  weather  was. 

But  this  is  not  the  place  or  the  time  to  go  over  the  "  old  story  " 
again,  though  much  might,  and  probably  will  still,  be  written  on 
the  subject ;  and  especi^y  on  the  point  that  it  was  Airy's  method 
which  lost  England  the  discovery  of  Neptune.  Personally  I  think 
he  has  had  far  more  than  his  share  of  blame :  he  was  *'  savagely 
abused  both  by  French  and  English,"  when  that  abuse  might  have 
been  more  justly  bestowed  elsewhere.  But  the  whole  story  is  told 
with  admirable  fairness  by  Dr.  Glaisher  in  the  introduction  to  the 
*  Memoirs  of  Adams,'  of  which  the  first  volume  has  just  appeared. 
Fortunately,  as  Dr.  Q-laisher  remarks,  there  is  no  dispute  about 
any  of  the.  facts :  only  about  the  inferences  to  be  drawn  from  them. 
These  inferences  each  generation  will  doubtless  colour  to  its  own 
liking.  

De.  Max  Wolp  gave  us  the  pleasure  of  seeing  him  at  Oxford 
recently.  He  brought  some  of  his  wonderful  long-exposure  photo- 
graphs to  show  us,  and  beautiful  they  are.  One  could  not  but  feel 
more  interested  in  those  on  which  minor  planets  were  shown,  especi- 
ally with  Dr.  Wolf  as  commentator.  He  pointed  out  a  little  faint 
streak  on  one  plate  as  a  minor  planet,  and  after  looking  at  the 
region  closely  I  exclaimed  that  there  was  another  similar  streak 
not  far  off.  "  Ah !  you  think  you  have  made  a  discovery,"  be  said, 
^  but  no  !  not  on  that  plate  :  it  has  been  too  carefully  examined." 
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The  atreak  I  had  noticed  wu  an  accidental  defect,  according  to  the 
evidence  of  another  plate  exposed  at  nearly  the  snme  time.  No 
discoveiy  ib  announced  unless  confirmed  by  another  plate,  the 
method  of  work  being  to  expose  a  plate  for  z  hours,  and  at  the 
middle  of  this  espoaure  to  begin  anotber  plate  of  the  same  region, 
which  is  carried  on  an  hour  after  the  firaC  is  finished.  Thua  the 
region  ia  wal^ched  for  3  consecutive  hours  by  the  two  plates,  the 
middle  hour  being  represented  on  both  plates.  It  will  be  easily 
seen  how  complete  a  check  thia  afforda  on  discoveries.  It  is  grati- 
fying to  learn  that  the  fame  of  Dr.  Wolf's  work  has  secured  him 
a  new  observatory  and  a  mucb  finer  telescope— a  photographic 
doublet  of  16  inches  aperture. 

It  is  my  privilege  to  follow  the  coiurse  of  Dr.  Murray's  work  on 
hia  big  dictionary  by  dint  of  receiving  occasional  queries  from  him 
on- astronomical  subjects.  He  muat  be  getting  near  the  end  of  D 
by  this  time,  for  the  last  two  were  about  the  dumb-bell  nebula  and 
dynamometer.  He  enquired  when  the  former  name  was  first 
bestowed,  and  whether  the  forms  dynameter  or  dynamometer  were 
used  indifferently.  X  found  it  rather  difficult  to  answer  these 
questions  satisfactorily,  though  very  interesting  to  try,  Herschel'a 
original  paper  in  Phil.  Trans.  1833  uses  several  terms  to  describe 
the  dumb-htiU  nebula,  without  conferring  this  distinctive  name 
upon  it ;  and  references  to  dumb-bell  nebula  and  to  dynameter  or 
dynamometer  in  the  '  Monthly  Notices '  are  very  few. 

In  this  magazine,  and  in  others  with  an  astronomical  basis,  it  is 
occasionally  the  melancholy  duty  of  the  editor  to  record  losses  by 
death  ;  but  as  yet  there  has  been  little  or  nothing  said  of  occasions 
for  wjoicing,  which  our  daily  contemporariea  place  in  juxtaposition 
to  the  obituaries.  I  don't  know  why  we  should  not  follow  the 
good  esample.  I  am  sure  we  all  rejoiced  a  month  or  two  ago 
(all  of  us  who  heard  of  it)  at  an  event  which  united  the  names  of 
Selaunay  and  Cornu  ;  and  the  other  day  I  was  glad  to  hear  of  the 
marriage  of  Mr.  Gerrish,  of  Harvard  University  Observatory,  who 
looks  after  so  many  ingenious  mechanical  devices  there.  The 
difficulty  about  such  an  enterprise  as  that  of  recording  the  marriages 
of  astronomers  is  chiefly,  I  suppose,  that  of  making  it  complete. 
Some  people  are  shy  of  letting  such  things  be  known ;  but  the 
Editor  of  this  magazine  assures  me  that  he  will  gladly  print  any 
news  of  the  kind,  if  anyone  will  be  good  enough  to  seud  it  him. 

Thb  following  extract  from  the  '  Birmingham  Daily  Post '  of 

December  38  reads  at  first  sight  as  though  tbe  number  of  minor 

planets  was  Approaching  two  thousand : — "  The  name  of  Berlin  is 

I  DOW  immortaliaed  in  the  heavens,  for  the  astronomer  Witt  has 

\  cbrifltened  the  Mteroid  1S96,  which  he  discovered,  P^re  Berolina." 
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MEETING  OF  THE  ROYAL  ASTRONOMICAL  SOCIETY. 

Friday,  January  8,  1897. 

Dr.  A.  A.  Common,  F.R.S.,  President,  in  the  Chair. 

Secretaries :  Prof.  H.  H.  Tfeneb,  M.A.,  B.Sc,  and 

E.  W.  Maxtndbe. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

Mr.  Maunder,  Eighty  presents  have  been  received,  since  the 
date  of  the  last  Meeting.  Among  these  is  voL  v.,  part  5,  of  the 
Astronomical  Papers  issued  by  the  American  Nautical  Almanac 
Office,  which  contains  papers  by  Prof.  Newcomb  on  the  Mass  of 
Jupiter,  and  another  on  the  Orbit  of  Polyhymnia.  Also  a 
catalogue  of  16,748  southern  stars  deduced  from  observations  by 
Lieut.  Gilliss,  in  his  well-known  expedition,  presented  by  the  U.S. 
Naval  Observatory.  The  *  Nautical  Almanac '  for  1900,  presented 
by  the  Lords  Commissioners  of  the  Admiralty.  Mr.  J.  C.  Clancey, 
who  is  at  present  a  Candidate  for  Fellowship  of  this  Society,  has 
presented  hve  works  on  Land- Surveying,  of  which  he  is  the  author; 
the  Italian  Grovernment  have  kindly  sent  us  the  sixth  volume  of  the 
edition  of  the  works  of  Galileo,  which  they  are  now  preparing.  We 
have  also  received  from  Prof.  K.  D.  Naegamvala  some  photographic 
reproductions  of  a  photograph  of  the  nebula  M  8  Sagittarii,  and 
from  Mr.  J.  Lunt  a  photograph  of  the  partial  phase,  of  the  solar 
^lipse  of  1896,  Aug.  9,  taken  at  Vadso. 

liev.  A,  L.  Cortie  read  a  paper  on  '*  A  Method  of  determining 
the  Approximate  Heliographic  Latitude  and  Longitude  of  Sun-spots 
and  FaculsB  on  Drawings  of  the  Sun.'*  A  set  of  eight  diagrams 
had  been  prepared  on  transparent  paper,  each  shovinng  the  limb 
of  the  Sun  represented  as  a  circle  of  approximately  10  inches 
diameter,  and  having  solar  meridians  of  longitude  and  circles  of 
latitude  drawn  upon  them.  These  diagrams  were  drawn  consistently 
with  eight  different  angles  that  the  axis  of  the  Sun  makes  wdth 
the  celestial  equator ;  for  inclinations  other  than  those  for  which 
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the  diagrams  are  drawn,  iDterpolation  is  necessary.  Mr.  Cortie 
had  used  these  transparent  diagrams  to  read  off  the  latitudes  and 
longitudes  of  spots  shown  on  drawings  of  the  Sun  made  at  Stony- 
hurst,  and  compared  his  results  with  the  positions  of  the  same 
spots  as  shown  in  the  Greenwich  volumes.  The  comparison 
showed  that  the  determined  longitudes  were  almost  identical,  but 
that  the  latitudes  were  not  so  accordant,  there  being  differences 
in  some  cases  amounting  to  half  a  degree. 

J/r.  Maunder,  Some  years  ago  Dr.  Thomson  brought  out  a 
series  of  skeleton  charts  showing  orthographical  projections  of 
the  circles  of  latitude  and  longitude  on  the  Sun  as  seen  from 
the  Earth  when  in  different  relative  positions  to  the  Sun.  These 
were  made  to  the  scale  in  which  a  solar  diameter  would  be  8  inches, 
and  I  used  these  charts  to  measure  the  positions  of  the  spots  on  a 
number  of  photographs,  and  on  comparing  these  results  with  those 
given  by  the  more  accurate  measurement  and  reduction  of  the 
vs;mie  spots  made  at  Greenwich,  I  found  that  the  projection  results 
wen^  correct  to  about  half  a  degree.  I  think  that  from  this  it  is 
evidept  that  Mr.  Cortie's  projections  must  be  more  accurately  drawn 
than  Dr.  Thomson's,  and  that  his  drawings  must  be  extremely 
carefully  done  for  the  average  difference  to  be  so  small  as  that 
which  he  has  sho\^Ti  to  be  the  result  of  the  comparison.  It  is 
dear  that  for  a  rough  estimation  of  the  positions  of  spots  the 
projection  method  is  very  easy  and  very  fairly  accurate. 

I  have  here  two  photographs  of  the  great  spot  which  has  just 
come  upon  the  Sun,  which  it  may  interest  the  Society  to  see.  The 
iirst  photograph  was  taken  on  January  6,  when  the  definition  was 
very  bad,  and  the  picture  shows  very  little  more  than  the  immense 
size  of  the  group.  That  on  Jan.  7  is  much  better.  Although  the 
maximum  is  now  more  than  3  years  past,  this  particular  group 
compares  favourably  as  to  size  w4th  all  but  two  or  three  which 
we  saw  at  the  very  height  of  the  maximum.  Its  total  area  is 
about  2800  million  square  miles  ;  the  length  is  about  16  degrees 
of  solar  longitude. 

The  President.  What  is  about  the  size  of  the  Earth  as  compared 
with  this  spot  ? 

Mr,  Maunder.  The  diameter  of  the  Earth  is  about  one-sixth  of 
the  diameter  of  the  great  leading  spot  of  the  gi'oup.  We  were 
only  able  to  get  one  photograph  on  Jan.  7,  but  the  definition 
is  better.  The  most  remarkable  feature  shown  on  this  day  is 
the  intense  blackness  of  the  nucleus  and  its  large  area.  It  is 
unusual  to  see  so  large  an  umbra  as  there  is  in  this  spot.  I  am 
hoping  that  the  passage  of  this  spot  across  the  mericUan  may  be 
accompanied  by  great  magnetic  disturbance,  because  it  is  fairly 
compact  in  form.  Extended  streams  do  not  give  so  much  dis- 
turbance. Probably  it  will  depend  upon  whether  the  spot,  which 
JuM  begun  to  break  up,  reaches  the  central  meridian  sufficiently 
ipaot.  I  may  say  that  about  the  time  it  came  on  the  east 
there  was  a  very  considerable  oscillation  of  the  magnets. 
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Mr.  Newhegin,     When  does  it  come  on  the  central  meridian  ? 

Mr.  Maunder.  The  entire  length  of  the  spot  takes  more  than  a 
day  to  pass  any  point,  but,  roughly  speaking,  it  will  be  from  noon 
on  Saturday  to  noon  on  Sunday. 

Mr.  Maw.  Can  Mr.  Maunder  tell  us  bow  this  group  compares 
as  to  size  with  the  great  group  in  Feb.  1892  ?  I  saw  the  spot  last 
year,  and  it  struck  me  as  an  extensive  group,  and  I  am  interested 
in  seeing  this  photograph  to-night. 

Mr.  Maunder.  It  is  almost  precisely  four- fifths  of  the  area  of 
that  of  Feb.  1892  as  it  appeared  on  the  day  of  maximum,  Feb.  10. 

Mr,  Maw.  How  long  had  you  begun  to  observe  it  before  it 
developed  to  that  size  ? 

Mr.  Maunder.  We  only  saw  it  on  Wednesday.  We  had  had 
cloudy  weather  before  that,  so  we  did  not  see  any  sign  of  it. 

Mr.  Maw.     Had  you  seen  it  in  the  previous  rotation  ? 

Mr.  Maunder.  I  have  not  looked  for  it ;  if  it  \^'as  there  it  must 
liave  been  very  much  smaller.     It  is  easily  visible  to  the  naked  eye. 

Prof'.  Turner.  I  wish  to  express^  the  very  great  interest  I 
take  in  Father  Cortie's  attempts  to  reduce  numerical  labour.  I 
think  figures  have  been  regarded  as  cheap  so  long  that  we  have 
been  using  them  rather  too  freely  in  astronomy.  I  would  urge 
him  strongly  to  continue  his  investigation  because  I  do  riot  think 
it  would  be  just  to  assume  from  a  single  set  of  experiments,  such 
as  he  has  described,  that  he  can  always  ensure  accuracy.  The 
methods  used  at  G-reenwich  were  adopted  after  very  careful  con- 
sideration and  after  a  great  deal  of  talk,  and  a  debt  of  gratitude  is 
due  to  the  present  Astronomer  Eoyal  for  having  organized  this 
method  of  measuring  Sun-spots,  which  no  one  had  taken  up  at  all 
at  the  time.  Personally  I  can  testify  to  the  amount  of  trouble  he 
took  to  make  this  method  exact.  About  the  time  I  was  appointed 
Chief  Assistant  at  Greenwich  one  of  the  things  on  his  mind  was 
the  question  as  to  whether  these  methods  were  accurate  or  not, 
I  hope  that  Father  Cortie  vrill  improve  upon  them  and  adopt  some 
method  of  saving  labour,  because  there  is  a  great  deal  of  labour 
involved  in  measuring  these  photographs.  One  remark  by  Father 
Cortie  struck  me,  namely,  that  the  method  at  Q-reenwich  was  about 
the  most  perfect  in  use.  I  do  not  want  to  criticize  the  grammar, 
"but  I  think  that  a  proper  description  would  be  that  most  figures 
nre  employed  upon  it,  and  possibly  perfection  is  not  to  be  attained 
by  employing  as  many  figures  as  possible.  Again,  it  seems  to  me 
"that  he  sometimes  uses  two  decimal  places  and  sometimes  one. 
'X  would  urge  upon  him  that  he  should  select  the  decimal  place 
"vrhich  he  will  adopt  as  his  criterion  of  accuracy,  and  retain  it 
throughout  unifo^nly.  This  is  one  of  the  points  which  pro- 
:f  essional  astronomers  are  always  urging  upon  amateurs.  I  believe 
"mistakes  are  liable  to  be  made  for  want  of  uniformity  of  system. 

The  President.  It  will  be  remembered  that  at  the  last  Meeting, 
^when  we  heard  Sir  George  Baden-Powell's  account  of  his  successful 

pedition  to  Nova  Zemlya,  I  mentioned  that  possibly  at  this 
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Meeting  we  might  have  some  account  of  the  less  successful,  but 
perhaps  as  interesting,  expedition  to  Japan,  which  was  undertaken 
by  the  Astronomer  iBoyal  and  others,  and  also  of  that  to  Vadso^ 
whither  I  went  wiih  a  numerous  party.  Prof.  Turner  will  give  you 
a  short  account  of  the  Japan  Expedition,  and  I  shall  call  upon 
Mr.  Hinks  to  show  a  few  slides  which  will  give  you  some  idea 
of  the  chief  points  of  interest  in  our  expedition. 

Prof,  Turner.     I  happened  to  be  in  possession  of  a  slide — the 
only  slide  that  we  have  brought  back  from  our  expedition—  to 
illustrate  this  paper,  which  is  a  joint  paper  of  the  Astronomer 
!Royal,  Capt.  Hfills,  and  myself.     This  slide  is  the  production  of  a 
Japanese  photographer  in  Yokohama.     A  gentleman  representing 
'Harper's  Magazine'  photographed  us  when  the  Sun  was  very 
bright,  and  we  had  a  slide  made  by  a  Japanese  photograph er, 
which  you  now  see  on  the  screen.     This  photograph  was  taken 
the  day  before  the  eclipse.     Saturday  was  fine,  and  Monday  was 
very  fine,  but  Sunday  was  not  favourable  for  seeing  the  eclipse,  for 
it  was  very  cloudy.     We  were  told  that  the  chances  were  very 
much  against  us,  but  from  the  actual  experience  of  three  weeks  on 
the  spot,  we  did  not  think  that  it  was  more  than  an  even  chance 
whether  we  shouM  see  the  eclipse  or  not,  and  a  day  or  two  before 
the  eclipse  the  chances  of  fine  weather  were  good.     This  really 
shows  what  amount  of  trust  is  to  be  placed  in  deductions  from 
meteorological  observations.     The  choice  of  a  station  is  determined 
by  previously-observed  meteorological  conditions,  and  if  you  make 
what  appears  to  be  a  favourable  choice,  one  always  seems  te 
be  contradicted  by  the  events  at  the  time.      When  we  got  to 
Yokohama,   it  was  reported  in   the    papers   that   it    had   been 
fine  at  Kushiro  and  Shibetcha,  but  these  were  exactly  the  two 
places  that  meteorological  reports  warned  us  against.     In  the 
report  we  have  put  down  the   exact  figures   taken   out   by  the 
Japanese  meteorologists  from  their  records  before  we  got  there. 
I   beUeve  Prof.   Todd   had  asked   them  to  collect  records  of  5 
previous  years  as   data  to  select  the  probably  best  station,  and 
they  got  out  a  lot  of  figures   showing  that  these   two   places 
which  we  were  warned  against  were  likely  to  be  unfavourable. 
This  paper  is  merely  an  account  of  what  we  did  in  getting  ready 
to  which  the  Astronomer  Eoyal  and  Capt.  HUls  referred  briefiy  at 
the  November  Meeting.     We  made  out  that  it  was  possible  to  focus 
the  telescopes  with  great  accuracy  on  the  mirror  without  resorting 
to  star  observations.      I  did  get  some  star  observations  myself. 
Then  there  is  a  small  note  on  the  polariscopic  observations. 

Mr,  HinTcs  then  showed  on  the  screen  some  slides  to  illustrate 
the  President's  report  on  the  Vadso  expedition. 

The  President,     From  the  excellent  way  in  which  Mr.  Hink»' 
has  on  the  spur  of  the  moment  given  a  description  of  these  photo- 
graphs you  may  judge  what  an  admirable  man  he  was  to  have  on 
the  expedition.    On  our  voyage  I  was  up  every  morning  for  a  week 
At  3  o'clock  on  the  deck  of  the  *  Norse  King,' and  at  this  hour  the 
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«ky  was  perfect  all  the  way  to  Vadso,  but  when  we  got  within  a 
:fihort  distance  of  Bodo  it  did  strike  me  that  we  ought  to  divide 
our  forces,  and  that  it  would  be  a  good  thing  to  leave  somebody 
behind  there.  Had  we  followed  the  principle  laid  down  by' 
Prof.  Turner,  namely,  to  disregard  meteorological  observations,  one 
of  us  should  have  stopped  there.  However,  no  one  did  stay  at  Bodd, 
jalthough  Mr.  Hinks  ofEered  to  do  so  if  called  upon.  We  had 
made  arrangements  before  leaving  London  and  we  had  then  come 
to  the  conclusion  that,  owing  to  the  low  altitude  of  the  Sun  at 
Bodo,  it  would  be  better  not  to  occupy  that  place,  but  to  go  on  to 
Vadso,  where  the  meteorological  probabilities  were  more  favourable. 
I  have  very  little  to  add  to  the  account  Mr.  Hinks  has  given — ^it  is 
-extremely  difficult  to  make  much  of  an  unsuccessful  expedition ;  but 
I  may  say  we  had  a  very  pleasant  time,  and  that  was  at  least  some 
-compensation  for  the  disappointment.  I  hope,  notwithstanding 
what  Prof.  Turner  says,  that  the  meteorological  conditions  at  the 
next  eclipse  will  allow  us  to  get  some  excellent  results,  and  I  look 
forward  to  that  as  a  consolation  for  the  disappointment  we  ex- 
perienced at  the  last  one. 

Hev,  W,  Sidgreaves,  I  had  intended  this  evening  to  read  a  com- 
plete paper  on  the  spectrum  of  /3  Lyrae.  It  is,  however,  not  yet 
-quite  ready  for  presentation  to  the  Society,  although  the  bulk  of 
the  work  has  been  ready  for  three  or  four  months.  But  the 
President  has  consented  to  my  giving  a  description  of  its  contents 
this  evening,  as  there  are  very  few  papers  set  down  for  reading. 

The  data  on  which  my  paper  is  founded  consist  of,  first,  the 
tabulated  relative  wave-lengths  of  the  more  prominent  lines  from 
jtbout  90  photographs  of  the  spectrum  arranged  in  the  order  of 
their  time  intervals  from  the  preceding  chief  minimum  of  the  star's 
magnitude ;  and,  secondly,  a  table  of  mean  wave-lengths  for  each 
day  of  the  period,  along  with  a  map  showing  the  relative  positions 
^f  the  lines  on  each  of  the  same  days.  The  order  of  decreasing 
wave-lengths  has  been  followed  throughout ;  and  I  much  regret 
that  many  astro-physicists  have  recently  decided  to  follow  the 
reverse  order  of  the  pianoforte  keyboard  in  the  order  of  the 
ispectrum  lines. 

The  discussion  has  proved  to  be  a  long  one.  There  are  many 
perplexing  changes,  and  exceptions  to  otherwise  general  rules. 
Many  hypotheses  to  account  for  these  have  been  started,  only  to 
be  run  down.  But  there  is  one  amongst  these  which  seems  to 
hold  together  fairly  well,  and  is  interesting  as  offering  the  sort  of 
^•onfirmation,  which  can  be  drawn  from  the  tables,  of  the  conclusion 
arrived  at  by  Belopolsky  and  Vogel — viz.,  that  the  division  of  the 
bright  lines  is  the  effect  of  superposition  of  their  dark  companions, 
A  table  of  curves  has  been  plotted  for  the  bright  lines  showing  the 
measured  wave-lengths  of  their  centres,  with  reference  to  dark 
Hy  at  4340,  for  each  day  of  the  light  period.  All  these  curves 
Are  of  the  same  general  form,  having  their  highest  and  lowest 
^rdinates  at  the  first  and  second  maxima  respectively  ;   and  in  all, 
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••re  onfr,  the  difference,  or  eitieme  change  of  wave-length,  is  veiy 
great,  and  the  changes  at  the  two  minima  are  Terr  rapid.  The 
exeeptioDsd  curre  showed  comparatiyelj  small  displacements,  but 
enough  to  prove  that,  on  the  supposition  of  separate  stars  for 
different  displacements,  the  origin  of  the  line  was  not  on  the 
dark  line  star  any  more  than  on  the  bright  line  star.  Its 
extreme  change  was  from  4476  to  4470.  But  there  is  another 
corve  which  starts  at  the  middle  of  the  period  at  X  4469,  the  line 
being  found  only  on  the  plates  belonging  to  the  8th  and  subsequent 
days ;  and  it  was  observed  that  if  at  the  time  when  this  line  came 
into  view  the  other  at  X  4474  had  disappeared^  we  should  have  had 
a  single  curve  between  the  extremes  4476  and  4461,  of  precisely 
the  same  form  as  the  rest.  In  this  way  it  becomes  probable  that 
the  pair  of  lines  seen  during  the  latter  half  of  the  period  are  parts 
of  the  same  radiation  divided  by  its  fellow-absorption,  in  agreement 
with  Mr.  McClean's  remark  upon  the  same  line  in  last  month's  Alon. 
Not.  The  position  of  the  true  centre  of  this  line  for  each  day 
would  be  given  very  closely  by  the  mean  of  those  of  the  parts. 
The  curve  thus  obtained  for  the  last  half  of  the  period  can  then  be 
produced  backwards  by  applying  a  constant  correction  to  the 
position  of  the  outside  part  of  the  whole  broad  line  ;  and  the  result 
18  a  curve  of  comparatively  small  changes  of  relative  position,  in 
accord  with  Vogel's  conclusion  in  favour  of  the  smaller  relative 
displacements.  The  inference  is  that  all  the  other  curves  need  the 
same  corrections,  and  that  perfect  uniformity  is  to  be  obtained  by 
bringing  these  to  the  form  of  the  exceptional  one. 

Mr,  Maunder,  With  regard  to  the  point  that  leather  Sidgreaves 
has  raised,  I  think  the  evidence  (such  as  we  have  in  our  possession 
at  present)  indicates  that  stars  with  the  wide  hydrogen  lines  are 
stars  of  low  density,  and  that  stars  with  spectra  like  that  of 
the  ISun  are  stars  with  considerably  greater  density.  That  shows 
nothing  with  regard  to  their  mass — it  is  a  question  of  density, 
not  mass.  It  seems  to  me  there  is  another  explanation.  The 
photosphere  in  stars  does  not  necessarily  form  at  the  same 
relative  level  iu  all  stars.  It  seems  to  me  if  we  could  conceive 
that  it  formed  in  the  Sirian  stars  at  a  lower  level  with  regard  to 
the  chromosphere  than  in  the  solar  stars,  we  should  have  a 
BuiRcieut  reason  for  the  greater  breadth  and  prominence  of  the 
hydrogen  liiies.  I  was  extremely  pleased  to  hear  Father  Sid- 
groaves's  opinion  as  to  the  place  in  which  the  red  end  of  the 
spectrum  should  be  drawn,  because,  like  himself,  I  am  a  heretic 
on  that  point.  The  '  Astrophysical  Journal '  has  laid  down  the 
law  that  the  red  end  should  be  to  the  right,  but  I  think  the  \a  hole 
analogy  is  the  opposite  way.  I  showed  some  slides  of  the  spectrum, 
of  the  helium  here  some  time  ago,  and  in  those  slides  the  red  end 
was  put  to  the  left,  and  this  arrangement  was  criticized ;  but  it 
was  necessary  it  should  be  So,  because  I  was  dealing  with  the 
question  of  series  of  lines,  and  it  seems  to  me  we  can  only  deal 
with  a  series  of  lines  by  beginning  with  the  left  end,  in  the  same 
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way  as  we  begin  on  the  left-hand  side  of  the  page  of  a  book.  There 
is  also  the  analogy  of  the  piano.  I  shall  be  very  glad  to  see  a  re- 
versal of  the  decision  of  the  *  Astrophysics!  Jouraal.' 

Mr.  Newall,    I  think  they  are  re-opening  the  question. 

Mr,  McClean,  The  absorption-lines  appear  to  remain  constant 
in  relative  position,  and  the  bright  emission-lines  do  the  same, 
while  the  two  systems  shift  with  regard  to  each  other.  The 
amount  of  shift  may  be  judged  by  means  of  the  two  absorption- 
lines  at  wave-lengths  4472  and  4482  respectively.  The  corre- 
sponding bright  line  at  4472  shifts  at  least  through  a  range  of 
that  extent  corresponding  to  a  relative  variation  of  velocity  of 
the  two  components  of  the  system  in  the  line  of  sight  of  400  miles 
a  second.     This  is  about  the  accepted  amount. 

The  delineation  of  the  spectrum  from  left  to  right  in  accordance 
with  the  increase  of  wave-lengths  was  adopted  by  Kirchhoff, 
Thalen,  and  Angstrom,  also  by  Muggins,  Lockyer,  Comu,  Duner, 
Draper,  Pickering,  Rowland,  and  others. 

Prof,  AleoG,  Herschel,  On  the  subject  of  the  arrangement  of 
spectrum-Unes  referred  to  by  Mr.  Maunder,  Mr.  McClean,  and 
Pather  Sidgreaves,  I  think  that  for  the  proper  representation  of 
the  spectrum-scale  the  small  wave-lengths  ought,  as  in  the  high 
keys  of  a  pianoforte,  to  be  placed  on  the  right.  With  regard  to 
the  changeable  appearances  presented  by  the  hydrogen  hues,  I 
think  that  more  experience  of  them  than  I  possess  is  evidently 
needed  to  explain  them,  and  Father  Sidgreaves's  descriptions 
and  interpretations  of  them  therefore  appeared  to  me  to  be  very 
admirably  clear  and  interesting. 

Mr.  Maunder  then  showed  a  photograph  of  M  8  Sagittarii, 
which  he  said  was  a  copy  of  the  drawing  by  Sir  John  Herschel  in 
his  volume  of  'Cape  Observations,'  together  with  a  series  of 
photographs  of  the  same  nebula  taken  by  Prof.  K.  D.  Naegamvala. 
The  original  negative  was  too  thin  to  show  much  detail  except 
under  the  most  careful  examination,  but  by  successive  copying  the 
details  were  brought  out  very  distinctly. 

The  President.  These  are  extremely  interesting  photographs, 
and  there  is  no  doubt  that  it  is  possible  to  bring  out  in  detail  by 
photography  things  that  one  cannot  see  with  the  naked  eye. 
Many  years  ago  I  tried  producing  copies  of  pictures,  and  by 
taking  photographic  copies  on  wet  collodion  the  details  were 
brought  out  in  a  remarkable  way.  This  is  a  point  well  worthy  of 
the  attention  of  those  who  want  to  illustrate  their  papers  by 
photographs  on  the  screen. 

The  Ordinary  Meeting  then  closed,  and  the  Fellows  present 
resolved  themselves  into  a  Special  Q-eneral  Meeting  of  the  Society 
to  consider  an  alteration  proposed  by  the  Council,  of  Bye-laws 
69-74,  which  form  Section  XVI.,  and  relate  to  Awarding  the 
Medd,  the  alteration  consisting  of  the  addition  of  the  word 
**  Gold ''  before  the  word  "  Medal.'' 
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The  object  of  this  alteration  (it  had  been  stated  in  a  circular 
previously  distributed  to  the  Eellows)  was  to  make  it  possible  to 
award  a  Silver  or  Bronze  Medal,  in  addition  to  the  Gold  Medal. 
The  Council  desired  now  to  award  a  Bronze  Medal,  at  intervals, 
in  accordance  with  the  provisions  of  the  Mrs.  Jackson-Gwilt  gift. 

On  the  proposal  being  subiuitted  to  the  Meeting  by  the  President^ 
Mr,  H,  Seward  asked  whether  the  proposed  alteration  would  not 
place  the  Society  in  a  similar  difficulty  as  that  which  the  alteration 
itself  was  intended  to  remove,  for  it  might  happen  that  just  as 
now  the  Council  wished  to  award  a  Bronze  Medal,  they  might  at 
some  time  wish  to  award  two  Gold  Medals,  or  to  award  the  Gold 
Medal  in  a  way  other  than  that  authorized  by  the  Bye-laws. 

Rev,  W.  Sidgreaves  objected  to  the  alteration  of  the  Bye-laws, 
since  he  objected  to  the  awarding  of  any  distinction  other  than  the 
Gold  Medal.  He  thought  that  it  would  be  more  expedient  to  use 
the  Jackson-Gwilt  bequest  to  make  grants  of  money  to  persons 
engaged  in  researches  which  required  pecuniary  resources,  not 
always  vrithin  the  command  of  the  person  making  the  research. 

On  a  show  of  hands  being  called  for,  the  alteration  proposed  by 
the  Council  was  carried  unanimously. 

The  following  papers  were  announced  and  partly  read  : — 

F,  C,  Pe7irose,     "  A  Method  of  clearing  a  Lunar  Distance." 

W,  Schur,  "  Determination  of  the  Diameter  and  Compression 
of  the  Planet  Mars,  from  observations  with  the  B^psold  Heliometer 
of  the  Royal  Observatory,  Gottingen." 

Isaac  Roberts.  "  On  the  Comparison  of  Reflector  and  Portrait- 
lens  Photographs." 

R,  T,  A,  Innes,     "Note  on  the  Magnitude  of  iy  Argus,  1896." 

S,  W.  Burnham,  "Orbit  of  44  Bootia  y  I.  15  =  Sh.  193 
=  S  1909." 

Royal  Observatory,  Greenwich,  "  Observations  of  Occultations 
of  Stars  by  the  Moon,  and  of  Phenomena  of  Jupiter's  Satellites 
made  in  the  year  1896.'' 

Rev,  A,  L,  Oortie,  "  Heliographic  Co-ordinates  of  Sun-spots  and 
Faculffi  on  the  Stonyhurst  Drawings." 

Sir  R.  S.  Ball,  "  Note  on  Mr.  A.  Y.  G.  Campbell's  paper  on 
the  Variation  of  Uncanonical  Arbitrary  Constants,  with  an  appli- 
cation to  the  Planetary  Theory." 

H,  H,  Turner.  "On  Differential  Refraction  to  Terms  of 
Higher  Order  than  the  First." 

Radcliffe  Observatory,  Oxford,  "  Observations  of  Comet  1896  I. 
(Perrine-Lamp)." 

G.  Carslale  Thompson  6f  H.  W.L.  Tanner.  *'  Notes  on  Meteors 
observed  at  Penarth,  Glamorgan,  on  1896,  November  14." 

The  following  gentlemen  were  elected  Fellows  of  the  Society : — 
WiVAam    Johnston,   Saint  Nicholas    House,   Westgate   Street, 


h 
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Gloucester ;  George  Edward  Lumsden^  Assistant  Secretary  of  the 
Province  of  Ontario,  57  Elm  Avenue,  Toronto;  Major  Percy 
Alexarider  MacMahon^  KA,,  F,R,S,,  ArtUlerv  College,  Woolwich, 
-and  52  Shaftesbury  Avenue.  W. ;  Louis  C,  H.  Maston,  San  Fran- 
xisco,  Cal.,  U.S.A. ;  Beauchamp  Prideaux  Selby^  J,P.,  Pawston, 
Cornhill-on-Tweed,  Northumberland;  J,  E,  de  FiWiVr*,  Govern- 
ment Surveyor,  Cape  Town  ;  John  Watson,  Norman  Villa,  Glossop 
£oad,  Sheffield. 

The  following  Candidate  was  proposed  for  election  as  Fellow 
of  the  Society  : — 

John  Harold  Herbert,  Civil   Engineer,  Mapperley  Road,  Not*- 
tingham  (proposed  by  A.  A.  Common). 


THE  BRITISH  ASTRONOMICAL  ASSOCIATION.      • 

The  second  ordinary  Meeting  of  the  seventh  Session  of  the  British 
Astronomical  Association  was  held  at  University  College,  Gower 
Street,  on  Wednesday,  December  30th,  1896,  the  President,  Mr,  N. 
E.  Green,  F,R,A.S.,  in  the  Chair. 

Seven  new  Members  were  elected,  and  the  names  of  twelve 
•Candidates  for  Membership  were  read  and  suspended. 

Mr,  Walter  F,  Gale,  of  Sydney,  N.S.W.,  contributed  a  paper  on 
*'  The  Brightness  and  Colour  of  the  Planet  Mercury,''  which  was 
read  by  the  Secretary.  The  writer  said  that  the  eastern  elongation 
.of  September  last  afforded  a  favourable  opportunity  for  determining 
the  stellar  magnitude  of  Mercury,  Spica  and  Arcturus  being  well 
placed  as  comparison  stars.  Mercury  reached  its  greatest  bright- 
ness about  Aug.  29  and  was  then  perceptibly  brighter  than  Arcturus ; 
its  colour  appeared  an  orange-yellow,  the  same  as  that  of  Arcturus, 
l)ut  not  quite  of  so  intense  a  tint. 

Two  papers  by  Mr,  Francis  McDonald,  of  Sydney,  entitled,  "  The 
.Zodiacal  Light,  1896,"  and  "  A  Peculiar  Atmospheric  Phenomenon," 
were  also  read  by  Mr,  Schooling. 

Mr.  E,  W.  Maunder  read  a  paper  on  "  The  Level  of  Sun-spots," 
.fin  abstract  of  which  will  be  found  on  page  93. 

Mr,  G,  M.  SeabroJce  remarked  that  Mr.  Maunder's  theory  seemed 

to  agree  with  his  own  observations,  but  he  was  rather  at  a  loss  to 

understand  how  the  dust  could  aid  appreciably  in  producing  the 

darkness  of  the  spots.    He  apprehended  that  an  increased  thickness 

.of  20  miles  in  the  extent  of  the  dust  layer  would  have  a  very  slight 

effect.    Then  assuming  there  was  a  slight  depression,  that  depression 

w  ould  be  filled  up  by  the  reversing  layer  of  gases,  which  would  flow 

into  it  and  produce  the  effect  of  the  widening  of  the  lines  which 

•was  generally  seen  in  a  sun-spot.     The  theory  that  a  spot  was  a 
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^fmrtk^  wbete  noo-Iixminoas  carboo  existed^  to^s^ier^  perinp?^ 
witb  a  flight  depremoa  to  gire  a  thiekemng  ol  the  lixxs^  seemed 
mii^deutlj  to  aecoant  for  the  darkenfng  of  the  lines  withoot  Rsort 
to  the  idea  oC  darimess  produeed  ly  increased  thieksess  of  the 
dmt  lajer, 

T%^  PretidejfU  aiked  Jfr,  Staf/roke  if  be  thought  that  would  be 
«af!icient  to  account  for  the  elevation  of  it. 

Jfr,  S^^hroke  said  it  wa*  a  most  intricate  subject.  The  biaekness 
(A  the  »pot  coald  certainlj  be  accounted  for  by  the  theory  of  the 
non^uminoflity  of  the  carbon.  Putriog  a^^ide  the  question  <rf  lere!^ 
wbererer  the  carbon  raponr  happened  to  be  non-luminous,  there 
they  would  hare  the  spot  effect — either  the  Wilsonian  or  the  raised 
effeet. 

J/m  Brmun  remarked  that  Prof.  Pereira,  of  the  Azoves,  was^ 
constantly  seeing  what  he  called  black  holes  in  the  umbra,  or 
nuclenSy  as  she  {deferred  to  term  it,  of  large  spots.  This  seemed 
difficult  to  understand  if  the  depressions  were  only  slight. 

M%ss  A.  M,  CUrke  said  that  according  to  TF.  E,  Wllson^s  obser- 
rations  on  the  heat  radiation  of  sun-spots,  those  nearest  the  limb 
seemed  to  lose  much  less  by  the  action  of  the  absorbing  layer  than 
did  the  gener^  surface  of  the  disc,  hence  they  gained  in  radiation 
compared  with  the  surrounding  surface  as  they  approached  the  limb,, 
just  as  facul^e,  under  similar  circum«itances,  gained  relatirely  in  light. 
This  fact  told  in  favour  of  their  being  raised,  although  in  an  inferior 
degree  to  faculxe,  above  the  surface  of  the  Sun. 

Dr,  Johmlont  Stoney  said  he  had  listened  with  peculiar  interest 
to  Mr.  Maunder's  paper,  because  it  gave  evidence  that  the  best 
informed  astronomers  were  coming  round  to  that  view  of  the 
pfiyf»]eal  constitution  of  the  Sun  which  he.  Dr.  Stoney,  laid  before 
the  Koyal  Society  as  long  ago  as  1867  in  a  communication  printed 
in  ihn  *  Proceedings '  of  the  Society  the  following  year.  In  his  view 
thfj  photosphere  is  a  layer  of  clouds  of  condensed,  or  partly  con- 
dnn»e<L,  vapours  of  some  material,  which,  like  carbon,  is,  when 
e<;ridensed,  or  partly  condensed,  both  black  and  of  low  atomic 
wdght,  and  uhich  is  able  to  maintain  itself  at  a  temperature  low 
enough  for  condensation  by  the  enormous  radiation  outwards 
wriich  takes  place  from  it.  Everywhere  inside  this  photospheric 
liiyer,  and  for  a  short  distance  outside,  there  prevails  a  high-r 
temperature,  so  that  the  photosphere  is  a  layer  of  minimum  tem- 

i><jratiire.  Any  upheaval  from  beneath  may  cause  the  regions  of 
ligher  temp^^Tature  on  either  side  to  meet,  and  may  thus  tempo- 
rarily oWit(jrate  the  layer  of  minimum  temperature  between  them. 
Th«  clouds  will  thereupon  dissolve  and  we  have  a  spot.  In  this- 
»pot  we  got  a  view  of  the  regions  beyond,  and  if  there  were  nothing 
to  interfere  with  the  radiation  outwards  of  the  heat  and  light  from 
the  interior  parts  of  the  Hun,  the  spot  would  appear  to  us  bright'^r 
than  the  photoiphere.  Dr.  Stoney  proceeded  to  explain  his  theory 
that  eren  the  c^jntral  parts  of  the  Sun  are  in  a  state  of  vapour,  so- 
,tbat  the  cbemicfti  material  of  which  it  consists  will  range  itself 
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upwards  to  different  heights,  the  lighter  constituents  overlapping 
those  of  greater  density ;  and  the  appearances  revealed  to  us  in 
sun-spots  seem  to  force  us  to  the  conclusion  that  the  outermost  of 
these  envelopes  must  have  superficial  layers  by  which  incident  light 
can  be  either  scattered  or  reflected,  for  otherwise  the  sun-spots- 
would  inevitably  appear  brighter  than  the  photosphere.  Dr.  Stoney 
held  that  there  was  no  physical  reason  for  supposing  that  the  dark 
spots  were  otherwise  than  very  shallow.  From  the  physicist's 
point  of  view  five  miles  would  be  more  than  sufficient  provision 
to  make. 

Mr,  W.  H,  Wesley  remarked  that  if  the  general  surface  of  the 
Sun  was  a  surface  where  there  was  condensation  of  carbon,  the 
penumbra  of  the  spot  a  surface  where  there  \^'as  less  condensation, 
and  the  umbra  where  there  was  still  less,  they  would  expect  that 
the  one  should  run  into  the  other  by  imperceptible  degrees,  while, 
as  a  matter  of  fact,  the  penumbra  was  almost  invariably  sharply 
marked  off  from  the  general  surface  of  the  Sun,  and  the  umbra, 
again,  was  just  as  sharply  marked  off  from  the  penumbra. 

Mr.  Lant  thought  it  was  generally  agreed  that  the  darkness  of 
the  sun-spot  was  due  to  the  absence  of  carbon  in  the  incandescent 
state  in  that  particular  part  of  the  photosphere,  and  he  thought  it 
reasonable  to  suppose  that  this  was  due  to  some  kind  of  ebullition 
from  beneath  the  sun-spofc.  A  jet  of  intensely  heated  substance 
from  beneath  would  revaporize  the  carbon  and  so  cause  a  dark 
spot,  which  would  therefore  be  a  hotter  region  than  the  neighbouring 
bright  photosphere,  and  the  penumbra  might  be  considered  as  a 
disturbed  area  surrounding  the  central  jet  in  which  revaporization 
of  carbon  was  only  partial. 

Mr.  Holmes  said  that  if  the  Sun  were  looked  at  during  a  fog  or 
through  a  dark  glass  no  difference  in  brightness  towards  the  limb 
could  be  detected.  If  the  centre  was  four  times  brighter  than  the- 
limb,  they  would  expect  the  centre  to  remain  visible  when  the  limb 
tad  vanished,  but  this  was  not  the  case. 

Mr.  G.  Thwaites  mentioned  that  he  had  often  seen  the  photo- 
sphere to  appear  to  encroach  upon  the  umbra  and  even  at  times 
entirely  to  hide  it.  This  seemed  to  indicate  that  the  umbra  was  a 
depression. 

Mr.  Maunder,  in  reply,  said  his  main  object  in  writing  the  paper 

"was  to  point  out  that  a  sun-spot  was  a  very  complex  structure  and 

that  they  must  not  regard  it  simply  from  the  point  of  view  of  its 

appearance  when  examined  visually.     With  regard  to  the  black 

holes  referred  to  by  Miss  Brown,  he  simply  regarded  them  as  on& 

stage  farther  than  the  umbra.     With  reference  to  Mr.  Seabroke^s 

question  as  to  the  small  efi:ect  of  dust  in  a  spot,  that  would  h& 

quite  true  if  they  saw  the  spot  fully  presented,  but  if  they  saw  the 

spot  much  foreshortened  it  was  clear  they  would  not  be  looking 

through  twenty  miles  of  dust,  but  it  might  be  20,000.     His  view 

was  that  when  the  spot  was  full  on  the  disc,  the  main  cause  of  the 

-  darkness  was  diminished  radiation,  and  that  when  they  got  it  near 
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the  limb  that  was  largely  substitated  by  increased  abscnrption.  In 
teUreood  to  what  Dr.  Johnstone  Stooey  had  said,  there  could  be 
DO  doabt  that  in  the  main  their  present  ideas  of  the  construction 
of  the  solar  photosphere  were  due  to  Dr.  SUmey's  paper  of  30 
years  ago. 

Prof.  K,  />.  Naegamvala  contributed  a  paper  on  **  A  Photograph 
of  Nebula  M  8  in  Sagittarius  and  a  method  of  demonstrating  faint 
details  in  photographs  of  Nebul«  Ac." 

Mr.  Lunt  exhibiteil  some  photographs  taken  with  a  3  J-in.  reflector 
as  preparatory  work  for  the  recent  eclipse;  and  Mr.  Hardy  exhibited 
a  photograph  of  his  model  of  Mare  Crisium  and  read  a  paper  in 
which  he  stated  that  he  had  come  to  the  conclusion  that  there  was 
an  atmosphere  on  the  Moon  confined  to  the  greatest  depths. 

Mr,  Crommelin  said  it  seemed  difficult  to  reconcile  the  results  of 
occultations  and  total  solar  eclipses  with  the  presence  of  an  atmo- 
sphere of  such  density  as  Mr.  Hardy's  theory  would  require. 

Mr.  T.  Gwyn  Elger,  director  of  the  Lunar  Section,  contributed  a 
short  paper,  accompanied  by  a  diagram  of  Plato,  in  which  he  asked 
observers  to  carefully  study  the  floor  under  as  many  different  phases 
of  illumination  as  practicable,  in  order  to  confirm,  if  possible,  the 
existence  of  a  rill  or  rills  recorded  by  Herr  Brenner  and  others. 


EOYAL  METEOEOLOGICAL  SOCIETY. 

The  Annual  General  Meeting  of  this  Society  was  held  on  Wednes- 
day, the  20th  of  January,  at  the  Institution  of  Civil  Engineers, 
Great  George  Street,  Westminster,  Mr.  E.  Mawley,  KR.H.S,^ 
President,  in  the  Chair. 

The  Secretary  read  the  Eeport  of  the  Council,  which  showed 
that  the  Society  had  made  steady  progress  during  the  past  year, 
there  being  an  increase  of  seventeen  in  the  number  of  Fellows. 

The  President  then  deKvered  an  address  on  '*  Shade  Tempe- 
ratures," in  which  he  stated  that  of  all  meteorological  observations 
there  were  none  approaching  in  importance  those  made  of  the 
temperature  of  the  air — generally  known  as  "  shade  temperature." 
Indeed,  the  first  question  invariably  asked  in  regard  to  almost  any 
climate  was  as  to  its  temperature.  Mr.  Mawley  traced  the  history 
of  the  different  methods  of  exposing  thermometers  since  the  time 
that  regular  observations  of  the  weather  had  been  made  in  this 
country.  For  many  years  open  screens  were  most  favoured  by 
meteorologists,  that  devised  by  Mr.  J.  Glaisher,  F.R.S.,  and  the 
late  Astronomer  Royal  (Sir  G.  B.  Aiiy)  being  the  pattern  princi- 
pally used.  J  n  1 864  Mr.  T.  Stevenson,  C.E.,  invented  an  admirable 
form  of  closed  screen  with  louvred  sides,  which  was  considered 
preferable  to  the  open  type  of  screen,  and  has  now  almost  entirely 
superseded  the  Glaisher  stand.  In  1883  the  Stevenson  screen 
^as  considerably  improved  by  a  Committee  of  the  Royal  Meteoro- 
logical Society.     Mr.  Mawley  then  described  his  own  experiments 
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at  Croydon  and  Berkhampstead  as  regards  this  improved  screen, 
known  as  the  Eoyal  Meteorological  Society's  pattern.  He  showed 
that  the  only  two  defects  which  had  been  attributed  to  this  form 
of  thermometer-exposure  were  virtually  non-existent,  and  there-"- 
fore  advised  its  general  adoption  both  in  this  country  and  on  the 
Continent.  Mr.  Mawley  liad  recently  made  observations  in  the 
Stevenson  screen,  and  also  in  the  screens  used  in  France  and 
Germany,  and  the  conclusion  he  had  come  to  was  that  the  result* 
obtained  in  the  Stevenson  screen  were  not  only  the  nearest  to  the 
true  air  temperatures,  biit  also  more  likely  to  be  strictly  compar- 
able with  temperatures  taken  in  a  similar  screen,  but  with  different 
surroundings  elsewhere. 


The  Level  of  Sun-spots. 

It  is  very  easy  for  me  to  summarize  my  views  upon  this  question,^ 
which  seems  to  be  exciting  so  much  attention  just  at  present. 
It  is  more  difficult  to  deal  clearly  and  briefly  with  the  details. 

In  a  word,  I  do  not  believe  that  Sun-spots  can  be  strictly  said 
to  have  a  level.  That  which  we  see  of  a  Sun-spot  is  certainly  not 
the  whole  of  what  we  must  describe  under  that  name ;  and  if  we 
could  ascribe  a  definite  level  to  the  spot  as  it  presents  itself  to  u& 
visually,  we  should  be  ignoring  phenomena  which  make  themselves 
apparent  to  us  in  other  ways. 

But  even  confining  ourselves  to  spots  as  we  see  them  directly, 
or  on  ordinary  photographs,  we  are,  I  think,  precluded  from 
assigning  them  to  any  general  level.  The  apparent  darkness  of  a 
spot  is  certainly  not  chiefly  due  to  the  absorption  of  any  overlying 
veil,  whether  of  solid,  liquid,  or  gaseous  matter.  There  is  evidence 
of  some  increase  of  absorption  in  a  spot  in  the  appearance  of 
new  dark  lines  in  its  spectrum,  and  the  broadening  of  others,  but 
it  IS  quite  clear  that  the  increase  of  selective  absorption  in  a  spot 
is  not  nearly  equal  to  that  exercised  by  the  gases  of  the  "  reversing 
layer."  If  we  ascribe  a  depth  to  this  latter  of  half  a  second  of 
arc,  say  200  miles — surely  more  than  an  outside  estimate, — then 
the  additional  depth  of  absorbing  vapour  can,  I  think,  scarcely  be 
put  higher  than  20  miles. 

But  even  if  we  exceeded  this  estimate  many  times  over,  and 
I  believe  it  is  excessive  as  it  is,  we  should  stiU  be  confronted 
with  the  fact  that  Sun-spots  were,  relatively  to  their  area,  exceed- 
ingly shallow  bodies.  It  would  follow,  if  absorbing  material 
were  the  chief  cause  of  the  darkness  of  a  spot,  that  whether  that 
material  floated  as  a  cloud  above  the  photosphere,  or  filled  the 
hollow  in  it,  a  spot  would  always  appear  much  darker  when  near 
the  limb  than  when  fully  presented,  and  that  a  large  spot  would 
then  appear  darker  than  a  small  one,  especially  towards  its  outer 
edge.  The  thickness  of  the  cloud,  or  the  depth  of  the  hollow^ 
whichever  view  we  take^  cannot  be  great,  and  must  at  present  be  a 
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matter  of  conjecture.  The  surface-diameter  of  the  spot,  on  the 
other  hand,  which  at  the  limb  measures  the  depth  of  the  absorbing 
material  through  which  \re  are  looking,  is  easily  ascertained,  and 
we  know  that  it  is  to  be  reckoned  by  thousands  of  miles,  up  to 
even  one  hundred  thousand  miles  or  more. 

It  is  sufficient  to  state  the  case  to  dismiss  it.  Sun-spots  at  the 
limb  do  not  give  the  appearance  which  they  would  on  this  hypo- 
thesis. We  may  take  it,  then,  that  the  apparent  darkness  of  a 
f»pot  is  due  to  an  actual  defect  of  radiating  power.  It  is  apart 
from  my  present  purpose  to  discuss  the  mechanism  of  the  photo- 
sphere, about  which,  however,  there  is  at  present  very  little  dispute 
amongst  astronomers.  But  I  think  that  one  may  safely  say  that 
at  present  we  have  no  sufficient  grounds  for  asserting  that  this 
surface  of  diminished  radiation  must  necessarily  be  at  the  same 
level  in  all  spot?,  or  even  always  at  the  same  level  in  the  same 
sjjot.  More,  we  cannot  lay  it  down  that  it  may  not  be  sometimes 
below,  sometimes  at,  sometimes  above  the  general  photospheric 
level  of  the  !Sun. 

There  is  no  doubt  as  to  the  conclusion  to  which  the  study  of  the 
forms  and  changes  of  <pots,  when  seen  fully  presented,  must  lead 
us.  As  we  see  them  then,  it  is  clear  that  the  photosphere 
immediately  surrounding  a  spot  is  higher  than  the  adjacent  pen- 
umbra, that  the  penumbra  immediately  surrounding  the  umbra  is 
higher  than  the  umbra  it  touches.  For  it  is  the  outer  brighter 
structure  which  invades  the  inner  darker  one. 

But  even  this  is  not  decisive  as  to  the  question  before  us. 
Ill  the  search  for  the  Wilsonian  effect,  a  search  which  has  con- 
vinced me  that  we  cannot  look  to  such  effect  for  any  satisfactory 
evidence  as  to  Sun-spot  level,  I  have,  I  think,  come  across  an 
unmistakable  feature.  The  umbrae  of  spots  near  the  limb  seem  not 
to  suffer  foreshortening  as  quickly  as  the  spots  themselves.  Indeed, 
in  extreme  cases  they  may  be  seen  as  apparently  actually  bridging 
a  much  foreshortened  spot.  I  have  also  the  evidence  of  careful 
Sun-spot  observers,  though  I  cannot  recollect  having  seen  such  a 
phenomenon  myself  in  a  really  regular  spot,  that  the  umbra  has 
occasionally  been  seen  to  project  right  across  the  further  pen- 
umbra, and  to  encroach,  like  a  black  tooth,  on  the  photosphere 
beyond. 

This  appears  to  me  evidence  that  the  umbra  is  itself  not  level,  but 
highest  towards  its  centre.  I  regard  it  as  having,  taken  typi(»lly, 
the  contour  of  a  very  flat  dome.  The  variation  in  the  appearance 
of  different  spots  proves,  I  think  conclusively,  that  the  angle  of 
elevation  of  the  summit  of  the  dome  is  subject  to  wide  variatJon. 

But  if  the  mnbra  has  typically  this  contour  as  of  a  shallow 

-dome,  I  think  that  both  penumbra  and  surrounding  photosphere 

have  a  tendency  to  conform  to  it.    The  penumbra  is  so  often 

brifibter  at  its  inner  edge  that  we  naturally  think  of  this  as  its 

li^.kif^eBt  region.    The  photosphere  round  a  large  spot  is  so  often 

■dMnigliier  than  the  average,  irrespective  of  the  presence  of  distinct 
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faculsB,  that  it  too  must  be  regarded  as  rising  there  above  its 
-ordinary  level.  And  I  do  not  see  what  means  we  have  at  present 
for  instituting  a  comparison  between  different  localities  of  these 
three  curved  surfaces  with  the  level  of  the  general  disc. 

So  far  we  have  been  dealing  simply  with  the  visual  appearance 
-of  spots,  and  I  think  it  is  clear  that  even  from  this  point  of  view 
we  cannot  speak  in  any  rigid  sense  of  their  level.  But  there  are 
other  phenomena  of  which  we  must  take  count,  which  render  the 
difficulty  greater.  T  refer  more  especially  to  the  results  which  the 
spectroheliographs  oP  M.  Deslandres  and  Prof.  Hale  have  given  us. 
These  have  shown  us  on  the  H  and  K  lines  vast  masses  of 
glowing  gas,  completely  hiding  great  spots  which  yet  to  direct 
observation  gave  no  hint  of  their  presence.  Other  lines  have 
shown  us,  or  might  show  us,  corresponding  phenomena,  for  bright 
lines  are  a  frequent  item  in  spot- spectra.  These  glowing  gases 
are  above  the  spot  and  are  intimately  connected  with  its  structure, 
and  though  they  fail  to  reveal  themselves  to  ordinary  telescopic 
or  photographic  enquiry,  yet  in  other  methods  of  observation 
they  produce  their  full  effect.  The  experiments  of  Prof.  Langley 
and  of  Mr.  W.  E.  Wilson  seem  to  show  clearly  that  the  radiations 
with  which  they  are  concerned  emanate  from  a  region  as  certainly 
above  the  general  photospheric  surface  as  are  the  summits  of  the 
faculae,  since,  like  them,  they  suffer  less  diminution  in  intensity  at 
the  hmb;  no  doubt  because  these  elevated  strata  of  intensely 
heated  gas,  which  our  eyes  ignore,  produce  their  full  effect  on  the 
radiometer. 

E/clatively  to  the  entire  Sun  we  can  only  regard  a  spot  as  a 
surface  stain,  a  region  intrinsically  darker  than  its  surroundings, 
and  practically  at  the  level  of  the  general  surface.  Regarded  by 
itself,  a  Sun-spot  is  a  highly  complex  phenomenon,  with  its  several 
parts  each  probably  convex  to  the  mean  photosphere — the  umbra 
-overlapped  by  the  penumbra,  the  penumbra  by  the  photosphere, 
and  yet  the  umbra  sometimes  attaining  at  its  crest  a  greater 
elevation  than  either.  With  it  and  above  it  there  often  rise  strata 
of  glowing  gases,  integral  parts  of  the  spot,  though  escaping  our 
vision. 

Lastly,  to  complete  our  difficulty  in  assigning  a  definite  level  to 
spots,  we  have  to  reckon  with  the  fact  that  in  mid-Sun  we  are 
looking  through  a  shallow^  vertical  structure :  near  the  Hmb  through 
a  very  deep  horizontal  one;  and  the  two  are  entirely  different 
presentations.  E.  Waltee  Matjnbeb. 


Periodical  Comets  due  in  1897. 

Me.  Lynn's  interesting  notes  on  the  periodical  comets  expected  to 
return  in  1897  may  be  supplemented  by  observing  that  Swift's 
-comet  will  be  invisible,  and  that  D' Arrest's  comet  will  be  unfavour- 
ably placed,  though  it  may  possibly  be  seen. 
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In  the  case  of  comets  having  their  perihelia  outside  the  EarthV 
orbit  (as  Swift's  1880  lY.,  I^Arrest's  1851  II.,  and  Brooks'  i886 
IV.),  tbej  are  visible  to  the  best  advantage  when  the  Earth'a 
longitude  is  nearly  the  same  as  theirs  at  about  the  time  of  their 
perihelia.  The  long,  of  per.  of  Swift's  comet  is  43°,  which  it 
reaches  in  May  next ;  but  as  the  Earth  will  be  in  the  directly 
opposite  r^on  of  her  orbit  on  the  other  side  of  the  Sun,  the 
comet  will  be  invisible,  being  obliterated  in  the  solar  rays. 

D' Arrest's  comet  will  arrive  at  perihelion  (long.  3 1 9°)  in  May, 
as  it  did  in  1877,  and  about  3  months  before  the  il&rth  reaches  the 
same  longitude,  so  that  the  difference  separating  the  two  bodies 
will  be  very  considerable  and  the  comet  if  seen  at  all  will  be  very 
faint.  At  its  last  return  in  1890  it  was  accidentally  re-discovered 
by  Mr.  Barnard  on  Oct.  6,  19  days  after  it  had  passed  its 
perihelion. 

This  comet  is  observed  to  the  best  advantage  when  it  comes  to 
perihelion  in  August,  and  can  also  be  very  well  seen  when  it  returns 
in  July  (as  in  1851)  and  in  September  (as  in  1870  and  1890).  At 
intervals  of  20  years  the  comet  visits  us  under  similar  circum- 
stances, three  of  its  revolutions  being  nearly  equal  to  that  period 
of  time. 

Brooks'  comet  1886  IV.  ought  to  return  at  about  1897  August, 
if  Oppenheim's  orbit  (Ast.  Nach.  3064)  correctly  represents  the 
real  path.  The  period  he  gave  was  5*5954  years,  and  the  comet 
should  have  returned  in  1892  January,  but  the  conditions  wero 
all  against  its  being  seen.  This  object  does  not  appear  to  have 
been  very  well  observed  in  1886,  several  other  brighter  comets 
being  visible  at  the  same  time,  and  there  is  much  uncertainty  as- 
to  the  exact  time  of  its  revolution.  If  the  comet  is  ever  seen 
again,  as  it  is  very  likely  to  be,  it  will  probably  be  picked  up  in  an 
accidental  manner  by  some  comet-seeker  when  not  looking  for 
anything  special. 

A  glance  at  the  table  of  periodic  comets  proves  that  a  compara- 
tively large  number  of  these  bodies  may  be  expected  during  the 
next  few  years.    In  1897  there  are  4  due,  and  no  less  than  11 
appear  likely  to  visit  us  in  the  years  1898  and  1899  as  follows : — • 


Date.  Oomet. 

1898  April...  Pons-Winnecke. 

May  ...  Encke. 

June  ...  Swift  (1889  VI.). 

June  ...  Wolf. 

Sept....  Tempel  (1867  II.). 


Date.  Comets. 

1899  Jan.    •••  Denning  (1881  v.). 

Mar.  ...  Tempel  (1866  I.). 

April . . .  Barnard  (1892  V.). 

May  ...  Tuttle(i858  I.). 

May  ...  Holmes  (1892  III.). 

July   ...  Tempel  (1873  II.). 

Bristol,  1897,  Jan.  7.  W.  F.  Denning. 


\ 


Thomas  Gwyn  Empey  Elger. 

It  is  with  feelings  of  the  deepest  regret  that  we  have  to  announce 
the  death  of  Mr.  T.  G.  E.  Elger,  the  renowned  selenographer^ 
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whose  lucid  notes  descriptive  of  the  lunar  surface  have  for  many 
years  formed  such  a  valuable  contribution  to  this  magazine  and  t<> 
astronomy  generally. 

Mr.  Elger,  born  in  1838,  was  descended  from  a  family  estab- 
lished in  Bedford  for  many  years,  but  whose  original  home  was  in 
Norwich.  His  father  was  an  architect  in  considerable  practice, 
and  several  of  the  pubUc  buildings  in  Bedford  were  built  from  his 
designs.  He  was  three  times  Mayor  of  the  town,  an  office  which 
his  father,  grandfather  of  our  late  contributor,  had  also  filled 
many  years  earlier. 

Thomas  Q-wyn  Elger,  after  being  educated  up  to  the  age  of  13 
at  Bedford  Grammar  School,  was  placed  under  the  care  of  a 
private  tutor  for  some  years,  and  afterwards  entered  at  King's 
College,  London,  where  he  studied  mathematics  under  Prof,  de 
Morgan.  After  completing  his  course  here  Mr.  Elger  adopted  the 
profession  of  engineer,  and  was  taken  into  the  office  of  Mr.  John 
Fowler,  under  whose  direction  he  had  experience  in  many  large 
engineering  works.  He  took  part  in  the  construction  of  several 
railways  in  the  north  of  England,  the  Menai  Bridge,  and  the 
Underground  Railway  between  King's  Cross  and  Edge  ware  Road ; 
and  when  he  went  into  practice  on  his  own  responsibihty 
Mr.  Elger  acted  as  engineer  for  a  firm  of  contractors  who  were 
engaged  in  laying  railroads  in  Denmark,  until  this  work  waa 
stopped  by  the  outbreak  of  war  over  the  Schleswig-Holstein 
question  in  1864. 

This  stoppage,  and  the  fact  that  he  had  succeeded  to  his 
patrimony,  seems  to  have  induced  Mr.  Elger  to  give  up  engineering 
and  to  develope  his  taste  for  astronomy  and  science  generally. 
About  the  year  1866  he  settled  with  his  mother  at  a  house  in 
Caldwell  Street,  Bedford,  where  he  set  up  his  first  observatory; 
shortly  after  he  removed. to  Manor  Cottage,  Kempston,  where  he 
also  erected  an  observatory  in  the  garden,  containing  a  reflector  by 
Calver  of  8^  inches  aperture,  and  also  a  4-inch  refractor  by  Cooke. 
He  was  elected  a  Eellow  of  the  Eoyal  Astronomical  Society  in 
1871,  February,  and  his  first  contributions  to  astronomical  litera- 
ture appear  to  have  been  on  subjects  other  than  selenographical, 
for  in  1873  he  contributed  to  the  '  Monthly  Notices  '  a  note  on 
the  colours  of  the  components  of  y  Delphini,  and  later,  in  the 
same  year,  we  find  some  observations  by  him  on  the  planet  Venus : 
but  his  name  will  always  be  associated  chiefly  with  lunar  astronomy, 
to  which  he  devoted  himself  and  his  telescope,  and  for  which  his 
early  training  as  a  draughtsman  particularly  quahfied  him  ;  the 
sketches  of  lunar  regions  and  formations  which  have  recently 
appeared  in  these  pages,  and  which  are  copies  of  exquisite  drawings 
made  by  Mr.  Elger,  are  evidence  of  his  skill  in  this  direction. 
Mr.  Elger  took  a  promiuent  part  in  the  work  of  the  Liverpool 
Astronomical  Society,  now  defunct,  and  when  the  British  Astro- 
nomical Association  arose  on  its  ashes  he  was  unquestionably  the 
man  to  be  asked  to  take  charge  of  the  Lunar  Section  ;  it  is  in  the 
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poblications  of  these  two  Societies  and  in  thn 
nis  lunar  researches  are  chiefly  to  be  found,  excepting,  of  ecmn^ 
his  own  book  ^The  Moon/  published  in  1895,  aa  CDdmiDg 
moniunent  of  much  laborious  and  painstaking  work. 

Mr,  Elger  interested  himself  in  other  pursuits  hesidefl  astranomj. 
He  was  an  ardent  aotiquarian,  and  possessed  a  fine  ocdlectkm  of 
fliot  implements,  old  pottery,  and  other  antiquities,  whidi,  it  may 
be  added,  he  proposed  to  present  to  his  town,  if  the  autliontiea 
i»H>uld  establish  a  public  museum.  He  was  also  an  actiTe  member 
of  the  Bedfordshire  Natural  History  Society,  of  wlueh  he  seems  to 
have  been  the  moving  spirit  during  the  ten  years  of  its  enstenoe, 
after  whidi  it  was  absorbed  by  the  JAtenTy  aod  Sci^itific  Lutitiiteu 
Mr.  JSIger  read  many  papers  before  this  Society,  not  only  on 
astronomical,  but  also  on  microscopical  and  antiquarian  subjedB. 

It  will  be  gathered  from  the  above  that  Mr.  Elger  did  his  duty 
to  his  fellow  townsmen  by  communicatiug  to  th«Di  the  result  of 
his  scientific  researches ;  do  less  conscientiously  did  he  do  his 
duty  as  a  citizen.  Like  his  father  and  grand&ther  he  setred 
as  Mayor  of  the  town,  he  was  on  the  Commission  of  the  Peaee» 
and  appears  to  have  filled  a  place  on  many  committees,  wbeie  his 
experience  and  judgment  were  valuable. 

Mr.  Elger  married  in  1880  Miss  Gissing,  the  dan^ter  of  a 
solicitor  of  Bedford  who  was  afterwards  B^gistrar  of  the  town. 
He  was  taken  with  paralysis  of  the  left  side  on  December  29  last, 
which  passed  off,  but  left  him  in  a  state  of  weakness,  from  which 
he  died  on  January  9,  aged  59,  leaving  a  widow  and  two  young 
sons. 


CORRESPONDENCE. 

To  the  Editors  of '  The  Observatory/ 

Ball's  supposed  Discovery  of  the  Duplicity  of  Saturn's  Ring. 

Gbntlbmbw, — 

So  much  has  been  said  on  this  subject  in  previous  numbers 
of  the  '  Observatory,'  that  it  would  seem  hardly  possible  that  more 
should  remain.  But  as  it  is  desirable  to  be  exact  in  matters  of 
fact,  1  feel  1  must  request  you  to  insert  these  few  additional  lines. 
It  will  be  remembered  that  it  was  in  November  1880  ('  Observatory,' 
vol.  iii.  p.  611)  that  I  first  called  attention  to  the  omission  of  the 
figure  of  Saturn  and  his  ring  sent  by  W.  Ball  to  Sir  Robert  Moray, 
from  the  Note  by  the  latter  in  No.  9  of  the  *  Philosophical  Trans- 
actions.' 1  then  remarked  that  the  plate  which  contained  that 
representation  had  been  omitted  from  at  least  three  copies  erf 
the  •  Phil.  Trans.' ;  and  in  the  '  Observatory'  for  November  1882 
(vol.  V.  p.  331)  1  stated  that  it  was  not  to  be  found  in  eleven  copies 
of  the  volume,  nine  of  which  I  had  consulted  myself.  Meantime, 
however,  it  had  been  found  in  several  other  copies,  and  the  dis- 
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cuBsion  which  arose  and  proved  incontestably  that  Ball  was  not  (as 
had  been  supposed  by  some)  the  discoverer  of  the  principal  division 
in  Saturn's  ring  is  now  matter  of  history.  But  happening  recently 
to  be  turning  over,  for  another  purpose,  a  much  later  volume  (xvii. 
for  1693)  of  the  copy  of  the  '  Phil.  Trans/  which  formerly  belonged 
to  Sir  Joseph  Banks  and  is  now  in  the  Beading-Boom  of  the  British 
Museum,  I  found  to  my  amazement  the  missing  plate  with  Ball's 
drawing  of  Saturn  there.  It  is  opposite  the  contents-page  of  No. 
199  (April  1693),  and  has  evidently  been  inserted  after  the  volume 
was  first  bound,  part  of  the  plate  (not  that  containing  the  drawing) 
being  slightly  injured.  It  is  not  unlikely,  therefore,  that  something 
similar  may  have  been  done  in  other  copies,  for  when  making  my 
search  it  did  not  occur  to  me  (I  can  hardly  be  blamed)  to  look  so 
far  ahead  as  twenty-seven  years.  But  this  may  account  for  the 
erasure  of  the  fly-leaf  note  of  the  omission  which  I  mentioned  in 
the  second  letter  above  referred  to  (*  Observatory,'  vol.  v.  p.  332). 

The  University  of  Cambridge  has  recently  published  in  a 
collected  volume  those  of  the  late  Prof.  Adams's  papers  which 
appeared  during  his  lifetime.  One  of  these  is  that  contributed 
to  the  '  Monthly  Notices '  of  the  B.  A.  8.  for  the  month  of  January 
1883,  in  which  he  describes  the  paper-cutting  found  at  the  Eoyal 
SSociety  from  which  the  drawing  was  made,  and  suggests  that  the 
folding  of  this  caused  those  curious  shallow  notches  or  depressions 
at  the  extremities  of  the  minor  axis  of  the  planet,  which  led  Sir 
Robert  Moray  to  fancy  that  it  was  surrounded  by  two  rings  rather 
than  one.  No  editorial  notes  accompany  these  papers ;  but  I 
offered  reasons  in  the  '  Observatory'  for  June  .1883  (vol.  vi.  p.  185) 
for  not  accepting  without  reserve  Prof.  Adams's  ingenious  explan- 
ation. But  at  any  rate  it  is  quite  certain  that  the  duplicity 
suspected  by  Moray  is  of  a  very  different  kind  from  that  which 
really  exists.  Yours  faithfully, 

Blackheath,  1896,  Deo.  31.  W.  T.  TjTBTS, 

The  Geminid  Meteor-shower  1 896. 

Gbktlbmen, — 

Prof.  A.S.  Herschel's  note  ('Observatory,'  Jan.,  p.  76)  on  the 
recent  activity  of  this  stream  is  fully  corroborated  by  several  other 
descriptions  of  the  shower. 

Mr.  J.  Evershed  writes  me  that  on  Dec.  11,  while  returning 
from  the  E.  A.  S.  meeting,  and  in  the  train  between  Croydon  and 
Kenley,  he  counted  9  G-eminids  in  about  10  minutes.  On  arriving 
home  he  began  a  watch  at  12*^  50™,  looking  in  the  direction  of  the 
radiant,  and  saw  32  meteors  in  half  an  hour:  about  10  of  these 
\vere  ist  or  2nd  mags.,  and  5  faint  ones  belonged  to  other  systems. 
The  radiant  appeared  to  be  badly  defined  in  the  region  of  Pollux 
at  about  117°  -f  25''. 

Mr.  H.  CJorder  gives  the  following  results  of  his  observations  at 

Bridgwater ; — 

k2 


JL«w:.    1.  ^  r?*  u-  2-2'-    "?■  ?«  2s 

It:  3Ui«r\mk. 

JUw:.  ;ix  14*-    ?:*u.  if«-35*  3tr  =3  Jii 

Hfv  l>.  ^iMAh  isr  l>Mf  fc}««&  ^s'v  liiese  lofiuMir^  On  liie  night 
*,f  JLM:^  J  J  li*r  fJcnjiiTied  2c  f>-en:7'nid?  from  «  j^diKn  2'  S-W.  of 
^.i*4«/^ ;  att  J^*-  24*  L^b-  J^feoroftd  a  IcilaMn  iiiT^«»rrr  About  2X2-, 
^h^Ahj^  ii^mi  ^^'  -^  35'  to  25'  -r25%  aavi  ckarJr  beicsnging  to  the 
*tf<M^  iAjO)^*^  tittft  iii  piTQEreBSu 

'  Yom^faJTiifdH. 


OBSEKVATORIES. 

HRLHOUHift, — ^fr.  Batracdiil,  tbe  Director  of  the  Melbourne 
(^iMienmUpry,  ba*  Jat^rlr  sent  tw  a  cop5  of  his  first  Beport.  which 
iuo^*irn  th^  i^triod  from  1^95  Mar  31  to  1896  June  30.  The  new 
Dlfiiei/pr  d\d  tifjt  auctuallv  take  charge  of  the  Observatorv  nntil 
iHij^  July  I,  but  the  la»t  month  of  Mr.  Ellerv's  control,  which 
WHM  not  L'ovartid  by  biu  last  report,  is  included  in  this. 

The  irnm^^diiUte  fact  to  be  gathered  from  the  Eeport  is,  as  it  has 
\Ht*in  for  ^eyeral   yean*   p»8t,  that  the   Observatorr  is  suffering 
t*'rribly  from  want  of  money.     Possibly  this  is  unavoidable,  owing 
Ut  tU*t  Ananeifll  cir:'um«tance8  of  the  Australian  colonies  just  now, 
hut  it  U  much  to  be  hoped  that  when  the  time  comes  when  things 
fire  more  pronperous  that  the  Observatory  will  be  one  of  the  first 
iuMtimtioni*  to  feel  the  benefit.     There  are  several  directions  in 
which  mon<*y  init^ht  he  spent  with  advantage.     There  are  eleven 
yi*iirn  of  ohMTVtttions  with  the  transit-circle,  made  under  Mr.  Ellery's 
direction  1884 -95,  waiting  to  be  made  into  a  catalogue;  these 
woiiUI,  in  the  ordinary  course,  have  been  published  as   annual 
ciitah»giie«,  but  the  necessity  for  retrenchment  has  prevented  this. 
'I'hern  are  ohHorvations  of  terrestrial  magnetism,  extending  over  30 
vimrH,  which  nhuuid  he  niduced  and  discussed.     As  this  is  the  only 
niMlitut'iou  in   Australia  wh<*re  magnetic  observations  are  carried 
on,  thi^HH  wouhl  form  a  valuable  contribution  to  magnetic  science, 
find,  heMiileK,  tluH  (subject  is  especially  to  the  taste  of  the  present 
Director. 

Tlu*  (ircttt  Melhourne  Reflector  is  still  lying  idle  for  the  want  of 
a  man,  or  poHnihly  two,  to  work  it.  This  is,  perhaps,  an  expensive 
ittMU,  antl  inny  be  rt»gardod  as  a  luxury  rather  than  a  necessity.  A 
«ul>joct  leading  to  a  more  pressing  demand  for  money  is  the  Astro- 
umphiu  Chart.  Tho  energy  of  the  Assistant  in  charge  of  this  will 
be  ttpparant  from  the  fact  that  all  the  catalogue  plates  (1149  ^^ 
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number)  except  8i  tave  been  taken,  but  the  measurement  and 
reduction  of  these  is  certainly  impossible  \\  ith  the  present  staff. 
Provision  has  been  made  in  the  estimates  for  a  new  assistant,  who 
will  be  partly  engaged  on  astrographic  work,  but  this  is  scarcely 
sufficient. 

Turning  to  the  record  of  work  done,  we  find  that  with  the 
transit-circle,  besides  1045  observations  for  clock-error  and  adjust- 
ment, about  1270  stars  have  been  observed  in  both  elements,  as 
fundamental  stars  for  the  astrographic  catalogue.  The  practice  at 
Melbourne  is  to  select  five  stars  on  each  plate  as  fundamental ;  the 
resolution  passed  at  the  recent  conference  at  Paris,  which  demands 
ten  such  stars,  therefore  doubles  Mr.  Baracchi's  estimate  of  work 
for  this  purpose.  Speaking  of  the  Transit-circle,  there  is  a  curious 
fact  recorded.  The  variation  of  the  level-error  from  1890  to  March 
1895  showed  a  distinct  period,  the  curve  having  a  maximum 
ordinate  in  May  or  June,  and  a  ninimum  in  December  or  January. 
In  March  1895  the  instrument  was  reversed  on  its  pivots,  and 
during  the  following  year  this  period  quite  disappeared,  the  level 
descending  gradually  and  continuously  from  -h57"  to  —66".  With 
the  Astrographic  Equatoreal,  351  plates  were  exposed  ;  deducting 
from  these  the  plates  not  considered  good  and  those  taken  for 
adjustments,  there  remain  214  catalogue  plates  and  40  for  the 
Chart.  The  photoheliograph  has  been  used  with  the  reduced- 
efBcieney  mentioned  in  Mr.  Ellery's  last  report,  photographs  being 
only  taken  when  conspicuous  spots  appear  on  the  Sun.  The  great 
reflector  has  not  been  used  during  the  period  covered  by  the 
Eeport,  but  some  improvements,  optical  and  mechanical,  have 
been  made.  The  Director  does  not  speak  very  hopefully  of  the 
prospect  of  using  this  just  yet. 

The  meteorological  service  appears  to  make  large  demands  on 
the  limited  staff.  Mr.  Baracchi  thinks  that  the  collection  of 
results  of  rainfall  is  of  importance,  and  has  increased  the  number 
of  stations  which  send  to  the  Observatory.  He  is  also  making 
arrangements  to  cooperate  in  the  work  proposed  by  the  Meteoro- 
logical International  Committee,  of  making  observations  of  clouds 
at  both  ends  of  a  base-line  to  determine  their  height  and  velocity. 


Hongkong. — The  recently  published  volume  of  "  Observations 
and  Eesearches  made  at  the  Hongkong  Observatory  in  the  year 
- 1895  "  contains  the  continuation  of  the  elaborate  investigation  of 
the  Typhoons  of  the  China  Seas  by  the  Director  (Dr.  Doberck)  in 
conjunction  with  Mr.  Figg  for  the  years  1890,  1891,  1893,  and 
1895.  This  investigation  which  has  been  in  progress  since  the 
establishment  of  the  Observatory  in  1884  is  now  practically 
completed,  and  a  revision  of  the  laws  of  storms  based  upon  it  is 
no.w  in  progress,  and  will  probably  be  finished  in  time  to  be 
utilized  for  weather  forecasts  in  the  present  year  (1897).  514 
transits  were  observed  by  Mr.  Plummer  in  the  course  of  the  year, 
and  the  time-ball   was   dropped  with    very  few  failures.      The 
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magDetic  obtervatioDS  have  been  continued.  Tb^re  were  slight 
shocks  of  earthquake  on  the  30th  of  August,  and  other  shocks 
also  occurred  during  the  following  night. 

Only  half  the  normal  amount  of  rain  fell  in  1895  (45*83  inches 
as  compared  with  an  average  of  90*17  inches),  but  this  excessive 
drought  had  no  influence  on  either  pressure  or  temperature.  The 
deficiency  of  rainfall  was  very  marked  in  the  mouths  of  May, 
June,  August,  and  September.  Sunshine  was  recorded  for  2048 
hours  during  the  year,  being  149  hours  in  excess  of  the  average 
amount.  The  maximum  temperature  for  the  year  was  94^*0  in 
September,  aud  the  minimum  43°'5  in  January.  The  monthly 
tables  of  meteorological  results  are  given  in  the  usual  complete 
and  elaborate  form.  

Maubitius. — The  report  of  the  Director  of  the  Boyal  Al&ed 
Observatory,  Mauritius,  for  the  year  1894,  is  also  to  hand.  This 
gives  results  of  the  observations  as  printed  in  detail  in  the  ^  blue 
book,"  from  which  we  learn  the  following  particulars: — Bright 
sunshine  was  recorded  on  2786  hours,  being  6^  per  cent,  of  the 
possible  duration.  This  is  very  slightly  in  excess  of  the  average 
amount.  The  highest  shade  temperature  in  the  Stevenson  screen 
was  93°*5  and  in  the  thermograph  screen  92°'2.  The  lowest 
temperatures  under  the  same  conditions  were  5o°-6  and  5i°'o 
respectively  and  the  mean  annual  temperatures  74^*3  and  73°*2. 
The  rainfall  amounted  to  48*9  inches  on  1 96  days,  and  this  amount 
is  almost  the  same  as  the  corresponding  average  value.  In  January 
the  rainfall  was  7  inches  above  the  average  and  in  March  4  inches 
below.  The  greatest  fall  in  one  day  was  370  inches  on  January 
II,  and  the  greatest  intensity  of  rainfall  occurred  on  the  same  day, 
amounting  to  176  inch  in  45  minutes. 

Storm  warnings  w  ere  published  on  numerous  occasions.  Details 
of  magnetical  observations  are  given,  and  the  results  for  15  preceding 
years  are  also  included. 

Sun-spots  were  seen  on  343  days  and  568  photographs  were 
obtained.  The  number  of  spots  was  rather  larger  in  1894  than 
in  1893. 

This  report  is,  as  usual,  very  badly  printed,  and  is  full  of  glaring 
typographical  errors. 


PUBLICATIONS. 

The  GEODBsy  or  South  Afeica.— In  1752  the  Abbe  de  Lacaille 
having  finished  the  observations  for  his  star  catalogue  turned 
himself  to  terrestrial  measurement.  He  determined  by  observations 
of  meridian  zenith  distance  of  stars  the  latitude  of  his  station  at 
Cape  Town  and  also  of  a  station  at  Klipfontein  approximately 
1*^  13'  further  north ;  he  compared  this  difference  of  latitude  with 
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its  corresponding  length  deduced  from  a  triangulation  depending 
ou  a  meaHured  baee-line.  The  length  of  a  degree  of  latitude  at 
34^  S.  resulting  from  this  comparison  was  for  some  years  a  source 
of  perplexity  to  geodesists,  as  this  was  much  greater  than  a  degree 
in  similar  latitude  in  the  northern  hemisphere. 

This  apparent  discrepancy  was  partly  explained  away  by  Sir 
Thomas  Maclear,  who,  when  he  was  in  chaise  of  the  Cape  Obser- 
vatory, undertook  to  verify  the  result  of,  and  at  the  same  time 
extend,  Laoaille's  arc  of  the  meridian.  After  much  labour  spent 
in  identifying  points  of  the  original  survey,  when  it  was  found 
impossible  to  exactly  identify  the  ends  of  the  base-line,  Maclear 
measured  a  new  base  nearly  on  the  site  of  the  original  one  and 
connected  this  by  triangulation  with  the  extreme  points  of  La- 
caille's  survey,  and  extended  the  triangulation  so  that  it  covered 
an  astronomical  amplitude  in  a  north  and  south  direction  of  4°  37'. 
The  result  of  this  was  to  show  that  the  length  of  a  degree  of  lati- 
tude in  Cape  Colony  agrees  with  that  of  a  degree  in  the  corre- 
sponding latitude  in  the  northern  hemisphere.  The  discordance 
shown  by  Lacaille's  measures  was  partly  accounted  for  by  a  large 
local  disturbance  in  the  direction  of  gravity  at  Klipfontein.  8ir 
Thomas  Maclear's  survey  was  completed  in  1848,  and  the  results 
were  published  under  8ir  George  Airy's  superintendence  in  1866. 

The  next  step  in  the  cartography  of  South  Africa  was  taken  in 
1859,  when  a  party  of  engineers  under  Capt.  Bailey  was  entrusted 
with  the  work  of  making  a  map  of  the  south  eastern  part  of  Cape 
Colony :  by  a  disastrous  shipwreck  the  original  observations  were 
lost,  and  only  abstracts  remained  of  the  result  of  two  or  three 
years'  work. 

The  above  synopsis  of  the  state  of  geodetical  science  relating  to 

South  Africa  is  extracted   from  the  Introduction  to  Dr.  Gill's 

Keport  on  the  Geodetic  Survey  of  South  Africa  *,  lately  presented 

to  both  Houses  of  Parliament,  and  is  complete  up  to  the  year  1879, 

when   Dr.  Gill   was   appointed   to  the  Cape  Observatory.     He, 

following  the  traditions  of  his  predecessors,  felt  that  it  was  his  duty 

to  extend  the  accurate  survey  of  this  part  of  the  globe,  so  as  to 

include  with  Cape  Colony  the  territories  of  the  Transvaal,  Natal, 

and  the  Orange  Eree  State.     With  this  in  view  he  approached  the 

authorities  of  the  governments  of  Cape  Colony  and  Natal,  and  by 

i'ebruary  1883  these  colonies  had  comn  to  an  arrangement  to  jointly 

bear  the  expense  of  a  scientific  survey.      A  detachment  of  Eoyal 

Engineers,  consisting  of   14  non-commissioned  officers  and  men, 

under  the  command  of  Capt.  Morris  and  Lieut.  Laffan,  reached 

Durban  in  1883  June,  and  the  work  was  begun.     There  was  a 

little  hitch  later  in  the  year,  owing  to  the  fact  that  the  Natal 

*  Eeport  of  the  Geodetic  Survey  of  South  Africa  executed  by  Lt.-Col. 
Morris,  K.E.,  C.M.G.,  in  the  years  1883-1892,  under  the  direction  of  David 
€HU,  H.M.  ABtronomer  at  the  Cape  ;  together  with  a  rediscuesion  of  the  Survey 
executed  by  Sir  Thomas  Maclear,  F.R.S.,  in  the  years  1 841-1848,  by  David  Gill, 
LL.D.    Cape  Town,  1896. 
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authorities  had  apparently  misunderstood  to  what  they  had  com- 
mitted themselves.  As  the  cost  appeared  more  than  was  antici- 
pated, the  Secretary  of  Natal  was  inclined  to  be  satisfied  with  a 
mere  map  of  the  Colony  fitted  for  official  requirements,  instead  of 
making  the  survey  a  contribution  to  accurate  geodesy.  This 
difficulty  was  got  over,  but  the  necessity  of  husbanding  financial 
resources  was  in  many  cases  an  impediment  to  the  work. 

The  skeleton  of  the  work  may  be  thus  described : — Base-lines 
were  measured  at  Natal,  Port  Ehzabeth,  and  Kimberley.  The 
length  of  the  base-line  measured  by  Sir  Thomas  Maclear,  known 
as  the  Zwartland  base,  was  adopted  without  alteration.  The 
measured  line  in  Natal  was  taken  as  the  base  for  a  seriefe  of  triangles 
along  a  line  approximately  parallel  to  the  coast-line,  to  the  Port 
Elizabeth  base ;  from  here  the  triangulation  followed  the  coast-line 
to  Cape  Town  and  the  Zwartland  base.  The  series  of  triangles 
then  runs  north  to  Calvinia  and  then  east  to  Hanover,  where  it  joins 
a  chain  joining  the  Kimberley  base  to  that  at  Port  Elizabeth. 
There  is  a  further  short  tie-chain  of  triangles  joining  the  lines 
between  Calvinia  and  Hanover  to  that  between  Port  Elizabeth  and 
Cape  Town. 

The  measured  angles  of  the  triangulation  and  all  details  of 
their  reduction  are  given  in  Col.  Morris's  carefully  drawn  up 
Report.  Needless  to  say,  these  observed  angles  have  all  been 
adjusted  for  the  geometrical  conditions  applying  not  only  to 
triangles,  but  also  to  quadrilaterals  and  polygons ;  the  length  of 
base-lines  as  determined  by  direct  measurement  have  been  com- 
pared with  their  lengths  determined  by  triangulation  from  other 
bases,  some  of  which  comparisons  it  is  convenient  anef  may  be  of 
interest  to  quote : — 

Base.  Measui'ed  Log.  Computed  from.  Log. 

in  feet. 

Kimberley.  14760*304  4*1690955  Port  Elizabeth  4*1690809 
Kimherley.     14760*304     4*1690955     Zwartland  4-1690816 

Zwartland.     42819*065     4*6316371     Port  Elizabeth     4*6316232 

It  will  be  noticed  that  the  greatest  difference,  measured  — com- 
puted, which  is  in  the  case  of  the  Zwartland  base,  corresponds  to 
a  distance  of  less  than  18  inches.  There  is  a  Hue  about  ^;^  miles 
long,  joining  Bushmansberg  to  Elandsberg,  whose  length  has  been 
determined  by  two  distinct  systems  of  triangulation.  The 
difference  between  these  determinations  is  about  3^  feet. 

Besides  the  triangulation,  astronomical  latitudes  of  seventeen 
stations  were  determined,  and  also  the  telegraphic  difference 
of  longitude  between  the  Cape  Observatory  and  eight  stations  of 
the  survey,  the  Assistants  of  the  Cape  Observatory  helping  in 
•this  latter  work.  Dr.  Gill  is  not  satisfied  with  some  of  these 
longitude  results,  on  the  ground  of  possibility  of  variation  of 
personal  equation  of  the  observers  which  has  not  been  eliminated. 
However,  these  astronomical  results,  as   well  as   some   similar 
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astronomical  data  found  by  Sir  T.  Maclear,  have  been  compared 
with  the  geodetic,  and  the  comparison  forms  an  interesting  chapter 
of  the  volume.  Buffelsfontein,  near  Port  Elizabeth,  is  the  origin 
of  the  geodetic  survey,  and  the  longitude  of  this  place  from  the 
Cape  Observatory  having  been  determined  from  the  triangulation, 
the  geodetic  latitudes  of  twenty-six  stations,  whose  latitudes  had 
been  determined  astronomically,  either  by  Gol.  Morris  or  by 
8ir  T.  Maclear,  were  computed,  also  the  geodetic  lougitudes  of  the 
nine  stations  at  which  operations  for  longitude  had  been  made. 
These  geodetic  results  were  computed  with  Clarke's  elements  of 
the  Earth,  and  show  differences  astronomical  — geodetic  latitude 
ranging  from  —  7"'9o.  to  4-  io"-74,  and  similar  quantities  for 
longitude  ranging  from  —  o"'53  to  -|-8"*i2.  The  geodetic  results 
were  then  computed  with  the  elements  of  the  Earth  deduced  by 
Airv,  which  showed  the  differences  for  latitude  to  have  much  the 
same  range,  but  the  nine  values  for  astronomical— geodetical 
longitude,  on  this  assumption,  ranged  between  —  i"'i6  and  -|-6"-04; 
or  taking  the  two  longitude  arcs  which  are  best  determined, 
the  astronomical  amplitude  of  these  is  greater  than  the  geodetic 
as  computed  by  Clarke's  elements,  by  about  4",  whilst  with  Airy's 
elements  the  excess  is  about  i". 

Discussing  these  results  Dr.  Gill  dwells  on  the  large  part  that 
abnormal  local  attraction  plays  in  all  geodetic  work.  He  refers  to 
apparent  discordances  which  arise  from  local  attraction  at  places 
where  the  surface  contour  would  not  lead  any  deviation  to  be 
expected,  and  suggests  that  the  way  to  eliminate  or  diminish  the 
effect  of  this  is  to  multiply  the  number  of  astronomical  stations, 
and  also  to  measure  areas  of  large  extent.  With  this  view  he 
suggests  that  the  present  survey  should  be  merely  the  beginning 
of  a  larger  survey  to  extend  eventually  to  the  mouth  of  the  Nile. 
AVe  have  reason  to  know  that  the  energetic  Director  of  the  Cape 
Observatory  is  already  empowered  to  make  the  next  step  in  this 
great  geodetic  scheme.  H.  P.  H. 

Ebseaeches  on  the  Evolution  of  Stellab  Systems,  Vol.  I. 
T.  J.  See. — As  the  greater  part  of  the  contents  of  this  volume  have 
been  published  from  time  to  time  in  various  periodicals  during  the 
past  three  or  four  years,  they  are  already  familiar  to  astronomers. 
It  is,  how  ever,  doubtful  whether  anyone  has  considered  them  as 
forming  merely  units  in  a  definite  scheme.  That  such  they  are  is 
very  apparent  now  the  various  papers  are  collected  and  formed  into 
a  complete  volume.  Dr  See  has  always  had  "  Evolution  "  in  view 
and  has  determined — wisely  or  unwisely — to  base  his  researches 
on  orbits  computed  only  by  himself.  These  orbits  form  the  body 
of  the  work  and  are,  in  their  collected  form,  extremely  valuable 
for  reference  both  to  observers  and  computers,  beyond  the  present 
and  future  use  for  which  they  are  destined  by  Dr.  See. 

Starting  with  the  nebular  hypothesis  as  enunciated  by  Laplace, 
the  various  modifications  are  reviewed  down  to  the  time  when 
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**  Darwin  was  led  to  oonsider  not  only  the  sarf  jKe  tides,  but  also 
those  which  arise  in  the  body  of  a  globe  owing  to  its  imperfect 
rigidity.''  The  derelopment  of  the  theory  of  bodily  tides  and  its 
application  to  the  solar  system  by  Darwin  showed  that  "  in  the 
Innar-terrestrial  FjBtem  tbe  action  of  tidal  friction  had  been  of 
paramount,  importance,  but  elsewhere  the  effects  had  been  less 
considerable,  owing  chiefly  to  the  small  relative  masses  of  the 
attendant  bodies."  This  is  the  keynote  of  Dr.  See's  researches, 
which  is  expressed  in  his  own  words,  thus — "  The  present  volome 
is  devoted  mainly  to  facts  as  made  known  by  the  labours  of 
double-star  observers  since  the  time  of  8ir  William  Herschel ; 
the  more  theoretical  inqoir?  into  the  secular  effects  of  Tidal 
Friction  and  the  processes  of  Cosmogony  is  reserved  for  subsequent 
treatment." 

These  facts  are  the  40  orbits  referred  to  above  and  which  have 
been  computed  by  ,Dr.  See.  These,  with  the  observations  on  which 
they  are  founded,  are  given  separately  and  in  full,  while  the 
resulting  elements  are  also  given  at  the  end  in  a  concise  tabular 
form  with  various  additional  information,  such  as  colour,  magni- 
tudes, light  ratio,  proper  motion,  orbital  motion  in  line  of  -sight, 
and  inclination  of  the  orbital  planes  to  the  plane  of  the  Milky  Way, 
With  respect  to  this  latter,  we  notice  that  Dr.  See  arrives  at  the 
same  result  as  Miss  Everett*,  viz.,  that  the  orbital  planes  lie  at 
all  possible  angles  to  the  plane  of  the  Milky  Way,  with  no  marked 
relation  to  the  general  scheme  which  distinguishes  the  arrange- 
ment of  the  stars  and  nebulae.  Now  concerning  these  facts :  we 
have  always  thought  Dr.  See  just  a  little  too  ready  to  overweight 
the  accuracy  of  his  deduced  elements,  and  a  little  caution  is  neces- 
sary when  digesting  the  tabular  matter  on  pp.  244-5.  The  +.p 
attached  to  the  "  Period"  is  a  wee  bit  too  sanguine,  and  requires 
considering  from  the  point  of  view  of  Bumbam's  recent  articles  t 
on  binary  star  orbits.  However,  this  is  only  by  the  way  and  will 
not  affect,  to  any  serious  extent,  the  use  to  which  Dr.  See  will  put 
them,  and  without  a  little  elasticity  combined  with  a  great  amount 
of  enthusiasm  the  main  object  in  view  would  be  unattainable  with 
the  material  at  command. 

Besides  these  orbits  there  are  several  theoretical  papers  dealing 
with  the  laws  of  attraction,  parallaxes,  spectroscopic  observations, 
&c.  There  is  also  a  good  exposition  of  Kowalsk/s  method  of 
determining  a  double-star  orbit. 

In  Chapter  III.  we  notice  with  pleasure  that  the  spectroscopic 
study  of  binaries  is  brought  prominently  forward.  We  have 
always  been  of  opinion  with  Dr.  See  that  the  "prosecution  of  these 
researches  with  the  powerful  spectroscopic  appliances  of  the  great 
telescopes  of  our  time  is  an  urgent  desideratum  of  astronomy." 

Finally,  the  following  deductions,  no  doubt  intended  to  form  the 
corner-stone  of  Volume  II.,  are  given  : — 

*  Monthly  Notices  R.A.S.,  1896  Juue— a  disoussion  of  55  orbits, 
t  Popular  Astronomy,  1896  Deo.,  1897  Jan. 
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(i)  Double-star  orbits  are  higbly  eooentric,  and  are  on  the 

average  twelve  times  that  found  in  our  planetary  system. 
(2)  The  stars  of  a  system  are  comparable,  and  frequently  almost 

equal,  in  mass. 
The  volume  is  dedicated  to  Benjamin  Apthorp  Gk)uld,  and, 
considering  it  therefore  as  an  obituary  tribute,  the  book  comes 
opportunely.  Also  there  is  internal  evidence  that  the  observations 
have  not  been  allowed  to  grow  cold,  but  that  the  publication  of 
the  book  has  been  carried  on  with  praiseworthy  rapidity.  We 
offer  our  best  congratulations  to  Dr.  See  on  his  handsome  volume. 

T.L. 

CouBS  d'Asteonomib  *. — There  is  a  story  told  of  a  well-known 
popular  lecturer  on  astronomy  who  gave  a  course  of  a  dozen 
lectures  at  a  country  town,  and  on  being  asked  to  give  some  more 
at  the  same  place  the  next  year,  he  replied  that  no  change  of 
sufficient  importance  had  occurred  in  the  sky  to  render  further 
lectures  necessary  or  desirable.  By  similar  reasoning  we  may 
confidently  predict  that  we  shall  never  see  another  treatise  from 
the  pen  of  M.  Baillaud,  for  in  a  volume  of  about  five  hundred 
pagt'S  he  has  skimmed  over  a  range  of  subjects  that  would  require 
several  books  for  their  adequate  treatment.  There  is  little,  if  any, 
internal  evidence  to  show  that  the  author  is  a  practical  astro- 
nomer :  there  is  much  to  show  that  he  is  a  lecturer ;  in  fact  the 
book  is  stated  to  be  written  for  the  use  of  students,  and  has 
evidently  been  compiled  bv  amalgamating  three  sets  of  lecture- 
notes,  on  Spherical  Astronomy,  Gauss'  Theoria  Motus  Planetarum, 
and  on  Disturbed  Elliptic  Motion. 

To  illustrate  our  opinion  that  the  book  is  more  adapted  for  the 
lecture-room  than  for  the  observatory,  we  might  mention  that 
there  are  no  tables  and  very  few  numerical  examples.     His  chapter 
on  refraction  would  leave  a  reader  without  any  idea  of  how  to 
apply  the  tables  in  ordinary  use.     There  is  no  explanation  given  of 
the  practical  methods  of  finding  the  parallax  of  planets,  the  constant 
of  nutation,  or  the  position  of  the  ecliptic,  which  might  very  well 
have  been  given  in  any  book  on  Spherical  Astronomy.     Gauss' 
Work  is  not  illustrated  by  numerical  examples,  so  that  this  section 
of  the  book  falls  far  below  the  treatise  by  Watson  in  usefulness. 
But  it  is  perhaps  in  the  third  section,  on  the  problem  of  three  or 
more  bodies,  that  the  superficial  character  of  the  book  is  most 
conspicuous.      The   subject  is   not  one  that  can  be  adequately 
treated  in  a  hundred  pages,  and  it  was  a  pity  to  try  to  do  so. 
Xjaplace's  method,  where  the  true  longitude  is  taken  as  the  inde- 
pendent variable,  is  quite  out  of  date,  and  de  Pontecoulant's  theory 
iad  far  better  have  been  selected  if  the  author  felt  obliged  to 
confine   himself  to   one.      Why,  too,  is  there  a  chapter  on  the 
satellites  of  Jupiter,  if  the  author  is  not  prepared  to  discuss  the 
permanence  of  the  curious  relation  between  three  of  the  mean 
^  B.  Baillaud,  Director  of  the  Obeervatory  at  Toulouse.    Paris,  1 896. 
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longitudes  ?  M.  Baillaud  had  accumulated  materials  which  might 
have  formed  the  groundwork  of  three  good  volumes ;  by  tossing 
them  into  one  bad  one  he  has  wasted  them. 


Eesults  of  Eain,  Eiveb,  and  Evapoeation  Obsbbvations 
MADE  IS  New  South  Wales  dubing  1894.  H.  C.  Eussell,  B.A., 
C.M.Gr.,  F.E.S. — In  1870  Mr.  Eussell  \«a8  appointed  Astronomer 
at  Sydney,  and  immediately  (there  being  then  only  5  stations 
reporting  rain)  began  the  expansion  of  the  rainfall  records.  In 
J893  there  were  1287  observers;  in  1894,  1329.  Apart  from  the 
volume  now  before  us,  which  contains  240  pages  of  very  close 
printed  matter,  exclusive  of  temperature  and  rain  charts,  these 
statistics  show  how  very  hard  Mr.  Eussell  has  laboured  to  obtain 
material  for  the  discussion  of  a  problem  so  vital  to  the  colony. 

Though  much  of  the  matter  is  tabular  in  form,  and  therefore 
appeals  only  to  an  earnest  student  of  the  subject,  much  inter- 
estnig  information  is  given  in  the  introduction  on  the  subject  of 
local  rainfall  and  drought,  and  of  evaporation  from  wide  expanse 
of  lake,  or  sandy  soil,  grass  prairie  and  gauge.  We  are  warned 
not  to  be  misled  by  the  idea  that  the  quantity  of  rain  called  the 
'•  average  "  is  what  may  fairly  be  expected  to  fall  in  any  given 
year.  That  is  an  error  into  which  many  in  this  country  have 
indeed  fallen  lately,  who  thought  that  the  abnormally  heavy 
autumn  rains,  following  on  the  drought  of  spring  and  early 
summer,  was  accounted  for  by  the  law  of  averages,  and  that  the 
average  rainfall  in  England  of  27  inches  was  the  law  which  must 
be  obeyed. 

Winds  play  an  important  part  in  the  variation  of  rainfall  in 
contiguous  districts.  Why  in  an  extensive  flat  area,  one  small 
portion  should  not  receive  the  same  amount  of  rain  as  the  parts 
near  it,  is  not  at  first  sight  obvious ;  why  it  should  do  so  two  years 
running  is  still  more  difficult  to  fathom.  Possibly,  as  Dr.  Eussell 
suggests,  it  may  be  traced  to  the  presence  of  certain  winds,  if  the 
question  can  be  studied  in  a  series  of  years.  Similarly  with 
regard  to  the  amount  of  evaporation  from  Lake  George,  which 
is  much  greater  than  from  the  evaporator-gauge.  The  lake 
is  lashed  into  breaking  waves  by  strong  winds  and  the  spray  is 
carried — a  misty  rain-like  deposit — into  the  forest.  The  gauge,  on 
the  other  hand,  is  protected  by  its  small  size  from  the  wind. 

The  evaporation  at  Lake  George  has  been  found  to  bear  an 
inverse  proportion  to  the  amount  of  rainfall  in  the  catchment. 
This  is  what  might  be  expected  from  two  considerations,  since  not 
only  is  the  evaporation  less,  the  greater  the  humidity  of  the  air,  but 
also  in  a  dry  season  it  may  be  assumed  that  drainage  from  the 
surrounding  district  into  Lake  George  may  be  neglected,  and  in 
wet  one  the  water  drained  into  it  will  materially  atfect  the  height 
^f  the  lake. 

A  more  important  factor  still  in  the  average  rainfall  of  a  district 
is  the  altitude  of  the  station,  and  especially  if  the  ground  rise 
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rapidly  to  it.    A  general  rule  seems  to  be  that  the  fall  per  mile 
gets  less  as  the  hills  are  left  and  is  fairly  regular. 

The  most  distinguishing  features  of  the  volume  are  the  charts  of 
temperature  and  rainfjill.  These  are  four  in  number.  The  first 
is  a  map  of  New  South  Wales  showing  in  black  fibres  the 
average  temperature  for  each  month  in  the  year;  in  each  square 
degree  a  reticule  of  12  squares  covers  each  degree  corresponding 
to  the  months  of  the  year.  The  second  map  shows  the  mean 
shade  temperature  for  the  4  seasons,  the  mean  shade  temperature 
for  the  year,  and  the  highest  and  lowest  shade  temperature  ever 
recorded  in  each  square  degree.  The  third  has  a  larger  or  smaller 
circle  described  round  each  rainfall  observatory,  showing  the 
number  of  inches  in  18)4.  A  diagram  in  the  north-west  corner 
gives  the  rainfall  of  the  colony  for  each  year  from  1871-1894. 
The  fourth  is  a  diagram  showing  the  monthly  distribution  of  rain 
in  each  square  degree  of  New  South  Wales  by  means  of  1 2  vertical 
hues  representing  the  twelve  months,  the  vertical  length  of  each 
indicating  the  quantity  of  i*ain. 

On  the  Pbbdiction  op  Solar  Eclipses.  By  Shin  Hibatama. 
(Eeprinted  from  the  *  Journal  of  the  College  of  Science,  Imperial 
University,  Tokyo,  Japan,'  vol.  ix.  pt.  ii.  1896.)  —  This  work 
deve^opes  a  method  of  investigating  eclipses  which  closely  re- 
sembles that  of  Bessel,  but  differs  from  it  in  the  choice  of 
fundamental  axes.  In  this  system  the  axis  of  z  is  the  line 
joining  the  centres  of  the  Sun  and  Earth  :  the  plane  of  reference 
is  drawn  through  the  centre  of  the  Moon  perpendicular  to  the 
axis  of  z.  The  axes  of  a?,  y  are  in  this  plane,  that  of  y  being  the 
intersection  of  the  plane  of  reference  with  the  Sun's  declination 
plane,  and  that  of  x  at  right  angles  to  this. 

In  Bessel's  system  the  axis  of  z  is  the  line  joining  the  centres 
of  the  Sun  and  Moon,  and  the  plane  of  reference  is  drawn  through 
the  centre  of  the  Earth  perpendicular  to  it.  The  two  systems 
are  therefore  very  similar,  merely  interchanging  the  Earth  and 
Moon. 

Mr.  Hirayama  developes  very  fully  the  method  of  deducing  all 
the  circumstances  of  eclipses  on  the  new  system  of  coordinates, 
which  he  says  was  first  suggested  by  Gauss,  and  afterwards 
elaborated  by  Sawitsch. 

Three  tables  are  given  at  the  end,  from  which  the  small  terms 
arising  from  the  spheroidal  form  of  the  Earth  may  be  readily 
taken  out. 


NOTES. 

Comet  Notes. — Perrine's  Comet  of  Dec.  8  proves  to  be  a 
comet  of  short  period,  the  following  elliptical  elements  having 
been  deduced  by  P.  Eistenpart  from  observations  on  Dec.   10, 
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22,  27»  Jan.  2  (Aflt.  NmdL  3396).     With  the 

exception  of  w,  the 

elements  closely  resemble  those  of  Biela'0  Gcmiet^  which  axe  giy^i 

for  comparison : — 

Pemne. 

Biela. 

.    T  =  1896,  Nov.  24*743  Berlin  M.T. 

« 163°  57'  31"] 

223°  17' 

Q 246     24      7     >  1897*0. 

245     SI 

*     .13     50    41    J 

12    33 

log  q 0*04641               .... 

9*9348 

log « 9*84340              .... 

9*8784 

a    3*676                  .... 

3*526 

Period  ....         7''047                .... 

6y62 

Similar  elements  have  been  deduced  by  Messrs,  Sussey  and 
Perrine  (Ast.  Nach.  3399). 

Epbemeris  for  Berlin  midnight. 


R.A. 

N.  Dec. 

B.A. 

N.Dec. 

h     m      8 

0       1 

h    m      8 

0      1 

Jan.   31....   5     8     4 

0  19 

Feb.   16 

•  • . .   5  47  34 

1 57 

Peb.     4 5  18  37 

0  43 

20 

5  56  32 

2    21 

8 5  28  39 

I     7 

24 

....6     5  18 

a  44 

12 5  38  19 

I  32 

28 

6  13  57 

3     6 

The  brightness  during  February  diminishes  from  0*11  to  0*04 
of  that  at  discovery. 

Dr.  Knopf  has  computed  the  following  elements  and  epbemeris 
for  Berlin  midnight  of  Perrine's  Comet  of  Nov.  2  (Edinburgh 
Circular,  No.  52) : — 

T  =  1897  Feb.  8**1763  Berlin  M.T. 


Ill 

00    •  •    •  •   • 

I 


..... 


172°  21'     o" 

86    17    51 

146      8    25 

1*06225 


1897*0 


Apr.    5 

13 
21 

29 

3 

7 
II 

^5 


May 


h 

17 

12 

10 

9 
9 
9 
9 
9 


R.A. 
m 

59 

42 

8 

35 
28 

24 
22 

21 


32 

42 
10 

9 

30 
42 
40 

47 


S.Dec. 

o        I 
72    10 

77  38 
63  7 
49  8 
43  36 
3«  57 
35  4 
31  50 


May  19. 

23- 

27. 

31. 
June  4 . 

8. 

12. 

16. 


B.A. 
h  m 


Brightness  6*1  on  April  5,  0*3  on  June  16 


9 
9 
9 
9 
9 
9 
9 
9 


21 

22 

23 
24 

25 

27 
29 

31 


8 

41 
II 

7 
23 

56 

40 

34 
35 


S.Dec. 

O     i 

29  8 
26  51 

24  55 
23  17 
21  54 
20  44 
19  44 
18  54 


Dr.  John  £iem  suggests  that  a  comet  observed  by  the  Chinese 
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in  B.O.  612  is  Tery  probably  identical  with  Comet  1881  III. 
(Tebbutt),  for  which  he  recently  fonnd  a  period  of  about  2400 
years.  A.  0.  D.  C. 

MiNOB  Planbt  Notes. —  Three  new  planets,  DD,  DE,  DF, 
were  discovered  by  M.  Cbarlois  on  Dec.  31. 

Herr  Villiger  made  a  search  in  the  vicinity  of  (151)  Abundantia 
in  October  last,  to  see  if  he  could  detect  the  companion  planet 
whose  existence  Herr  Groeben  recently  suggested,  but  without 
success  (Ast.  Nach.  ZZ^^)'      -A..  C.  D.  C. 

Uni  VEBSAL  TiMB. — Last  month  we  mentioned  a  possible  develop- 
ment of  the  Universal  or  Zone- time  system  as  to  which  we  were 
not  then  able  to  write  definitely  for  want  of  information. 

We  have  since  received  the  '  Bulletin  de  la  Societe  Astrono- 
mique  de  France '  for  January,  in  which  there  is  an  account  of  a 
discussion  at  the  Society  on  the  adoption  by  France  of  the 
Greenwich  meridian  for  the  origin  of  longitudes  and  time-system. 

It  appears  that  M.  Deville  introduced  in  the  Chamber  of 
Deputies  a  proposal  that  the  time  of  France  should  be  that  of  the 
Greenwich  meridian.  The  proposal  was  referred  to  a  committee, 
who  reported  in  favour  of  the  adoption.  Of  the  reception  of  this 
report  by  the  Chamber  itself  we  have  not  heard. 

At  the  meeting  of  the  French  Astronomical  Society  on 
December  2  this  subject  gave  rise  to  a  long  discussion.  M.  Boquet 
de  la  Grye,  after  remarking  that  he  was  surprised  that  scientific 
men  of  France  had  not  been  consulted  by  the  Chamber,  spoke 
strongly  against  M.  Deville's  proposal.  He  argued  that  the  chief 
reason  for  the  adoption  of  the  English  time  was  the  maritime 
supremacy  of  England ;  but,  said  he,  the  time  may  come  when 
some  other  country  may  be  in  this  position,  and  how  then  ?  He 
suggested  that  the  meridian  of  Behring  Straits,  of  which  the  anti- 
meridian  would  cut  Europe  nearly  centrally,  should  be  adopted  as 
initial. 

M.  Callandreau  spoke  in  favour  of  France  adopting  the  Green- 
wich meridian,  on  the  ground  that  she  would  otherwise  be  left 
8oon  the  only  country  which  had  not  a  time  system  based  on 
Greenwich.  Colonel  Bassot  pointed  out  that  Spain,  J^Vance,  and 
Greece  had  not  yet  adopted  the  meridian  of  Greenwich.  We 
believe  that  if  France  adopted  the  proposal,  that  Spain  and 
Portugal  would  follow,  but  we  feel  that  Col.  Bassot  touched  a 
weak  spot  when  he  said  that  Ireland  still  continued  to  use  Dublin 
time.     It  is  time  that  this  should  be  altered. 


The  System  of  Castoe. — Prof.  Bumham  has  found  time  to 
discuss  the  measures  of  the  binary  system  Castor,  and  has  done 
good  work  in  again  pointing  out  some  Df  the  pitfalls.  This  pair 
has  been  under  some  kiid  of  observation  since  Bradley's  time,  but 
has  only  been  accurately  measured  siuce  1826,  and  now  in  1896 


112 


Notes. 


[No.  250, 


Prof.  Bumham  cannot  get  an  orbit,  or  rather  he  can  get  too  many. 
Tet  the  following  have  been  given  seriously  at  different  times : — 


Date. 
1831 
1841 

1845 
1846 

1847 

1859 

1875 
1877 

1878 

1889 


Computer.  Period. 

J.  Herschel    ....  252*66  years. 

Madler    232-12 

Hind 632*27 

Jacob 653*1 

Madler   51977 

Thiele 996-85 

Wilson    982*9 

Doberck 1001*21 

Thiele 720 

Mann 265*7 


>» 


19 


19 


>> 


>> 


»f 


99 


»» 


We  are  never  tired  of  pointing  out  that  premature  orbits  are 
misleading  and  do  harm.  Out  of  tlie  numerous  orbits  that  can  be 
drawn  satisfying  the  observations,  Prof.  Burnham  draws  two,  one 
giving  457  years  as  period,  the  other  657.  Of  course  he  makes 
no  attempt  to  give  elements  of  an  orbit. 

The  Discussion  of  the  orbit  of  r  Ophiuchi  by  Prof.  Bumham  in 
'  Popular  Astrononiy,'  January  1897,  shows  that  he  has  fairly  set 
out  on  the  work  of  landing  us  firmly  on  bed-rock  with  respect  to 
our  knowledge  of  these  stellar  systems.  Treating  the  material  in 
a  similar  manner  as  described  above  in  the  case  of  Castor,  he  draws 
three  ellipses,  each  representing  the  observations  equally  well,  but 
differing  widely  in  character  and  period.  One  gives  274,  another 
265,  and  the  third  467  years.  In  fact  all  we  know  is  that  the 
period  is  not  less  than  200  years,  and  may  be  much  greater  than 
any  so  far  suggested.     Former  computers  give  : — 

1846  Maedler    87  years. 

1848  Hind     104 

1870  Doberck    185 

187 1  Doberck   218 

1895  See    230 


»> 
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>» 


The  series  of  measures  of  double  stars  made  at  Lick  in  1896  is 
at  first  glance  rather  discouraging.  These  look  better  when 
separated  into  measures  made  with  the  36-inch  and  those  made 
with  the  12-inch.  These  latter  are  very  wide  pairs,  and  are 
evidently  made  for  some  special  object,  although  unfortunately 
this  is  not  stated. 

Wide  pairs  ranging  from  6"  to  86",  with  a  mean  of  12",  are 
better  left  to  possessors  of  5-  and  6-inch  telescopes.  The  15  stars 
measured  with  the  36-inch  are  of  quite  another  order,  and  show 
that  Mr.  Aitken  is  a  keen  observer ;  but  why  are  there  not  more? 


The  Maekings  on  Venus. — The  following  letter  from  Mr.  Per- 
cival  Lowell  was  addressed  to  one  of  the  Editors  personally,  but 
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there  seems  no  reason  why  it  should  not  he  puhlished,  especially 
as  it  corrects  a  slight  error  in  a  previous  numher : — 

"  In  the  last  *  Observatory '  *  I  notice  that  the  markings  on 
Venus  I  sent  you  are  Summarized  as  being  sometimes  visible  for 
days,  and  then  sometimes  not.  This,  however,  is  a  mistake. 
They  were  permanently  visible — very  markedly  so.  What  I  said 
about  atmosphere  was  such  as  applies  to  all  observations.  There 
was  practically  not  a  sigle  day  when  Venus  was  observed  when 
drawings  of  the  markings  could  not  be  made.  For  scepticism,  of 
course,  I  care  nothing ;  people  are  naturally  prone  to  disbelieve 
what  they  have  not  seen,  and  the  distinctness  of  the  markings  in 
good  air  raises  thtm  above  criticism.  It  is  merely  question  of 
time  when  they  and  their  consequences  shall  be  generally  re- 
cognized." 

"  Lowell  ObeerTatory,  1897,  Jan.  12." 

The  Solab  Eclipse  of  1896,  Aug.  9. — In  'Nature'  for 
January  28  there  is  an  excellent  picture  by  Lt.-Gen.  Nicolas 
Kaulbars  of  the  corona  seen  last  August  by  the  expedition  sent  by 
the  Bussiau  Astronomical  Society  to  Laplaud.  The  picture  gives 
the  combined  results  of  photographs,  ten  in  all,  taken  with  a 
refractor  of  7  inches  aperture,  a  camera  of  4  inches  aperture,  and 
one  of  2  inches  aperture,  together  with  the  appearance  as  seen  by 
the  naked  eye  in  a  perfectly  transparent  sky.  The  corona  is  of 
the  type  associated  with  the  minimum  of  sun-spots,  the  polar 
plumes  being  well  shown  both  north  and  south.  There  is  a  long 
streamer  in  much  the  same  place  as  in  the  pictures  obtained  by 
the  Nova  Zemlya  expedition. 

Obsekving  astronomers  often  feel  the  want  of  some  means  of 
knowing  readily  the  approximate  sidereal  time  when  away  from 
their  observatories.     The  easiest  way  seems  to  be  to  carry  a  watch 
showing  sidereal  time  as  well  as  the  usual  time-keeper,  and  re- 
membering this  we  call  attention  to  an  announcement  in  our 
advertisement  pages  by  a  firm  who  supply  a  cheap  sidereal  time- 
keeper with  a  24-hour  dial  which  is  very  much  up-to-date.     We 
have  not  tried  one  of  these  watches  and  therefore  cannot  speak  as 
to  their  time-keeping  quality,  but  call  attention  to  their  usefulness 
for  the  above  purpose. 

The  Directorship  of  the  Observatory  at  Kiel,  Germany,  left 
vacant  by  the  death  of  Prof.  Krueger,  has  been  filled  by  the 
appointment  of  Dr.  Paul  Harzer,  hitherto  Director  of  the  Grotha 
Observatory.  It  may  be  remembered  that  Prof.  Krueger's  promo- 
tion to  Kiel  was  also  from  Gotha.  Dr.  Harzer  will  also  be  Pro- 
fessor of  Astronomy  in  the  University. 

The  death  is  announced  of  Prof.  G.  D.  Weyer,  Professor  of 
Mathematics  and  Astronomy  in  the  Kiel  University.   Prof.  Weyer's 

*  1896,  December,  p.  420. 
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wittk  had  \twax  t^ikifiy  in  1^  fanmcL  of  JSamacai  r.^.,,,—— ^, 
W  iukd  in  «Brrr  life  baen  tax  tmBostaaai  for  m  :&iir  thkb  ai;  the 
Hufstbuzs^  OuMsrvsionr.  H^  ^ib^  79  ^bbtf  of  Jisie  ^  Ids  detflk, 
witkdi  tou£  jikkoe  ufasr  i^  end  f£  iasi  j^bc 

Kuor.  J&BOWKf  obBesTtftian  c£  firrnff  ssaOb  on  Mbt^  i^&i  heaxs 
out  1^  jtoeitaaa  t£  tbe  eampunon  be  f  Dund  Inr  liie  lick  -observien;. 
AX  iknk  tiztke,  ProL  Broim  does  not  Bseoai  to  IsTe  laid  veaj  great 
<XHi&b«i0e  in  Ilk  la&isaKiB^  and  -vi-bs  nxtti^  "Md  vaSj  IMm  pboe. 

VTz  ietm  frosc  *  Fvpuhr  AstsuKmrr  *  i^at  I>c  Hfiimm»  Dtma, 
ul  Ccdottixta  CuiTfsrBitT,  who  vif  rBaeaDcdhr  in  Fff^land  idth  hk 
lid(UQli(id  vi&,  ittc  sndertaiken,  vit^  tiie  a»<ipeEXtaQBi  of  Hie  latter, 
tg  ff>-4^adua(!  aJl  FiazD'e  fitar-oi^Bemiaoiffi.  This  is  m  ^  voris:,  mod 
«aJJb  iorlii  our  Jbteartwet  -sisiiea  for  aDrrgwR. 

I^£.  WuuDEXJC  V^iuamsraL,  vi»  laie  daor;^  g£  the  Eariaulie 
Ob&ervator^  iiaa  boeo  appcnaiBd  ProCeaBar  of  AMraDoao j  in  tlie 
[Jf2»rtt^itT  <^  li«»dt!lbefg«  In  coBBegneiioe  of  tb  the  S^ariamhe 
Obaerratc^TT  if  to  be  tamsfened  to  HeadeSbei^  vfaere  m  baflding  is 
beix;^  ^^leetad  for  tiu«  parpoae. 

LciKJi^  Kxtrjy  aod  Prc^  S.  Xevoomb  liaTe  been  elected 
bPOOKurr  naembt^re  of  tbe  St.  PeterBbm^  AradeniTof  SdoioeB,  mod 
hc^  Bmjkf^  baa  beeti  made  a  coneapaodiDg  meoiiber. 

Faow,  Amatk  Hall  aod  ProL  Lewis  Boas  bmre  ocmaentod 
to  be  AMoeiate  Editon  witb  Dr.  Chaodl^  of  the  *  Astronomical 
JourtmL* 

At  the  moment  of  going  to  piesa  we  learn  tbat  Pirofeesor 
Banmrd  will  be  present  in  person  to  receive  tbe  Gold  Medml  of 
the  Bo^ral  Astronomical  Society  on  Febmarj  12. 


Fboh  av  Ozfobd  Nots-Boos. 

Oir  Friday,  February  12,  after  the  Annual  Meeting  of  tbeBoyal 
Astronomical  Society,  there  will  be  a  dinner  at  the  Criterion 
liestaurant  in  Piccadilly,  open  to  all  Fellows  of  the  Society  and 
their  friends  (price  js.  6d.  each,  not  includiDg  wines).  The 
arrangements  will,  in  fact,  be  the  same  as  those  announced  in 
these  Notes  last  year.  Intending  diners  are  requested  to  send 
their  names  either  to  tbe  Secretary  of  the  Society,  or  to  Dr.  Com- 
mon, 6^  Katon  Bise,  Ealing,  some  few  days  beforehand,  if  possible, 
though  it  is  hoped  that  those  who  cannot  come  to  an  early  decision 
will  not  be  deterred  by  this  fact  from  coming  to  the  dinner. 

Tub  last  Annual  Dinner  of  the  Boyal  Society,  on  November  30, 
was  not  noticed  in  its  proper  place.  It  seemed  to  me  rather  a  dull 
one.  I  find  but  three  utterances  jotted  down  in  the  note-book. 
The  first  was  by  the  Speaker  (Mr.  Gully),  who  said  with  some 
solemnity  that  **  the  House  of  Commons  has  never  refused  t^ 
grant  any  money  to  Science  recommended  by  the  Government  c 
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the  day."  This  does  not,  however,  seem  such  a  weighty  remark 
now  as  it  did  in  an  after-dinner  speech.  Lord  Eayleigh  told  a 
good  story  about  some  lynchers  in  the  Wild  West  who,  by  mistake, 
lynched  the  wrong  man,  and,  feeling  that  some  apology  was  due 
to  the  widow,  submitted  it  in  this  form  :  "  We  must  own,  ma'am, 
that  you  have  the  advantage  of  us  this  time."  The  story  is  good, 
but  I  have  never  been  able  quite  to  see  the  application  of  it  to 
Lord  Bayleigh's  resignation  of  his  Secretaryship,  which  was  the 
point  under  discussion.  Perhaps  the  Lord  Mayor  made  the 
happiest  little  hit  of  the  evening  when  he  addressed  the  Society  as 
*•  This  Society,  which  knows  everything  and  discovers  the  rest." 


The  year  1896  has  afflicted  Astronomy  heavily :  the  loss  of  such 

men  as  G-ould,  Gylden,  Krueger,  Axel  Moller,  H.  A.  Newlon,  and 

Tisserand  will  be  severely  felt.    Especially  has  one  department 

of  Astronomy  suffered  which  could  ill  afford  it, — the  department 

of  Celestial  Mechanics.     Two  names  of  the  six  given  above,  those 

of    G-ylden  and  Tisserand,   belong  to   the  first  rank  of  those 

carrying   on   the  work   at  the   classical   problems  of  planetary 

motion.     Their  work  was  very  different  in  character,  Tisserand 

liaying  devoted  his  best  years  to  a  gathering  together  of  what  was 

already  known  and  done  (for  though  his  '  Traite  de  Mecanique 

Celeste '  is  by  no  means  a  compilation  and  contains  much  original 

-work,   it   is  inspired  throughout    by   known    methods);    while 

Oylden  struck  out  an  entirely  new  line  for  himself,  so  new  and 

strange  that    many   still   shake  their  heads   at  his  enterprise. 

^Fortunately  for  the  world  both  men  lived  to  achieve  completion  of 

their  work.    Volume  iv.  of  Tisserand's  '  Mecanique  Celeste '  was 

published  early  in  1896 ;  and  though  much  of  G-ylden's  work  is 

still  unpublished^  we  learn  from  his  friends  that  it  is  practically 

complete  in  MS.,  and  almost  ready  for  press. 


It  was  remarked  of  Sir  John  Herschel  that  his  imagination 
could  ^'  clothe  the  description  of  so  bare  a  thing  as  a  Catalogue  of 
Stars  with  the  amenities  of  human  interest  and  the  graces  of  a 
poetic  eloquence."  In  the  introduction  to  his  "  Third  Catalogue 
of  Variable  Stars  "  (Ast.  J.  No.  379J,  Mr.  Chandler  does  not  attain 
or  even  attempt  any  flights  of  poetry  or  eloquence ;  but  he  makes 
one  remark  of  considerable  human  interest,  on  the  subject  of 
organization  of  astronomical  labour.  After  calling  attention  to 
the  uniformity  and  completeness  of  the  observations  of  Variables 
during  the  last  few  years,  very  few  stars  in  the  northern  hemi- 
sphere having  been  seriously  neglected,  he  notes  the  fact  that 
this  harmonious  development  is  due  to  individual  and  volunteer 
effort,  and  not  to  any  concerted  scheme  of  cooperation.  Indeed 
he  is  of  opinion  that  this  satisfactory  result  "  could  hardly  have 
been  reached  so  effectively  by  a  formal  organization  of  work, 
directed  from  headquarters,  prescribing  and  circumscribing  the 
operations  of  each  participant,  and  destroying,  by  its  benumbing 
influence,   the  enthusiasm   which    springs   from  the    individual 
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imtuitiTe  of  the  obseirers  themselTes.''  Many  o€  as  will  not  be 
mepared  to  go  this  length ;  for  instance  the  officers  of  the 
British  Astronomical  Association  would  probablj  take  exception 
to  these  remarks.  Bat  founded  on  actual  facts  as  thej  are,  tbej 
seem  worthj  of  digestion. 


Thkke  is  a  small  matter  concerning  the  identification  of  stars 
to  which  it  may  be  well  to  call  attention.  A  star  is  often  quoted 
bjr  its*  B.D.  number  (sav  BJ). -1-27^2305)  without  adding  an Ything 
further.  Now  the  '  Durchmusterung '  is  an  expensire  work  and  is, 
moreover,  becoming  scarce,  and  it  is  seldom  in  the  possession  of  an 
amateur,  who  is  thus  put  to  the  inconrenienee  of  visiting  a  library 
when  he  wishes  for  the  position  of  such  stars.  Wcmld  it  not 
sare  much  trouble  in  the  end  if  the  B.  A.  and  Dec.  for  1855*0  (or 
better  for  1900*0  perhaps)  were  added  in  all  such  cases?  The 
same  remark  applies  in  a  modified  degree  to  other  Catalogues,  but 
the  case  of  the  'Durchmusterung '  is  an  important  one. 


A  3iiaPBiNT  sometimes  makes  a  considerable  difference,  espe- 
cially when  it  takes  the  form  of  an  extra  cypher.  The  '  Daily 
Telegraph '  of  January  22,  in  reviewing  very  favourably  the  '  Auto- 
biography of  Sir  George  Airy,'  remarks  : — "  After  all  his  income 
never  exceeded  £12,000  {sic)  a  year,  and  he  retired  on  an  annual 
special  pension  oi  £ii 00."  The  reviewer  must  have  been  thinking 
of  a  lawyer  or  a  doctor. 

The  possessor  of  a  private  observatory  at  some  little  distance 
from  his  dwelling  told  me  the  following  story  the  other  day.  A 
friend  called  at  his  house  while  he  was  busily  engaged  in  sweeping 
for  Comets  at  the  Observatory  ;  and  the  servant  ofiered  to  conduct 
the  caller  thither,  knowing  he  would  be  welcome.  She  had 
apparently,  however,  over-estimated  her  own  knowledge  of  the 
locality,  and  was  in  some  doubt  how  to  find  the  spot ;  but 
ultimately  arrived  there  and  triumphantly  announced  the  fact  by 
saying  : — "  Ah !  this  must  be  it,  sir !  because  it's  opposite  the 
Moon  I" 

Another  instance  of  the  advisability  of  announcing  a  conclusion, 
but  not  giving  your  reasons. 

On  January  9,  the  *  Academy '  sent  out  to  a  number  of  prominent 
men  and  women  a  circular  and  a  postcard,  asking  the  recipient  to 
write  on  the  postcard  the  titles  of  the  two  books  which  had  most 
pleased  and  interested  him  in  1896.  Over  50  replies  were  received, 
of  which  the  following  may  amuse  our  readers : — 

Prof.  NOEMAN  LOCKTBE. 

Mara^  by  Percival  Lowell ;  Sentimental  Tommy ^  by  J.  M. 
Barrie.     (No  time  for  reading  seriously.) 

Sir  BoBEBT  Ball,  Astronomer  Eoyal  (sic  !I). 
Lecky's  Democracy  and  Liberty, 
Brehm's  From  North  Pole  to  Equator^ 
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ANNIVEESAEY  MEETING  OF  THE  EOTAL 
ASTRONOMICAL  SOCIETY. 

Friday,  February  12,  1897. 

Dr.  A.  A.  Common,  F.R.S.,  President,  in  the  Chair. 

Secretaries :  Prof.  H.  H.  Tubneb,  M.A.,  B.Sc,  and 

E.  W.  Mattndbe. 

Mr,  Maunder  read  the  Minutes  of  the  last  Anniversary  Meeting 
and  of  the  Special  General  Meeting  on  1897  January  8,  which 
were  confirmed. 

Mr.  C.  Thwaites  read  the  report  of  the  Auditors,  which  stated 
that  they  had  examined  the  Treasurer's  accounts  for  the  year  1896 
and  certified  the  same  to  be  correct.  The  cash  in  hand  on  1896 
Dec.  31  was  .£201  ijs,  6d.^  as  against  .£349  i^.  Sd,  on  1896  Jan.  i. 
They  had  inspected  the  books  and  other  property  of  the  Society, 
which  appeared  to  them  to  be  in  good  condition.  The  Auditors 
added  to  their  report  a  note  to  tlie  eftect  that  they  considered 
that  the  amount  (.£5500)  for  which  'the  property  is  insured  does 
not  cover  its  value,  and  they  thought  that  this  amount  should  be 
increased. 

The  President.  Before  submitting  this  report  of  the  Auditors 
for  the  approval  of  the  Meeting,  I  should  like  to  state  my  opinion 
that  for  the  Auditors  to  make  this  recommendation  is  entirely 
beyond  their  province,  but  I  have  uot  the  slightest  doubt  that  it 
is  one  worthy  of  consideration,  and  as  such  will  no  doubt  be  dealt 
with  by  the  Cpimcil. 

The  Secretaries  read  extracts  from  the  seventy- seventh  Annual 
Report  of  the  Council.  The  loss  to  the  Society  by  the  death  of 
Fellows  and  Associates  during  the  year  has  been  great.  The 
obituary  list  contains  the  names  of  the  following  Fellows  : — G.  P. 
Bidder,  Rev.  Henry  CoDins,  G.  R.  Famcombe,  A.  H.  Howe, 
George  Hunt,  J.  H.  Jones,  J.  R.  Jones,  Thomas  Keig,  S.  H. 
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Parkes,  Sir  John  Pender,  W.  L.  Sutton,  Sidney  Waters ;  and  of 
Associates,  B.  A.  G-ould,  Hugo  Gylden,  Adalbert  Krueger,  Axel 
Moller,  H.  A.  Newton,  and  F.  ¥.  Tisserand. 

The  President  announced  that  the  Council  had  awarded  the 
Society's  Gk)ld  Medal  to  Prof.  E.  E.  Barnard  for  his  discovery  of 
the  fifth  satellite  of  Jupiter,  and  for  his  other  astronomical  work. 
He  stated  that  it  had  been  expected  that  Prof.  Barnard  would 
have  been  present  to  receive  the  Medal,  but  unfortunately,  owing 
to  a  fog  in  the  Channel,  he  was  at  that  moment  in  a  vessel  lying 
off  the  Isle  of  Wight,  which  was  unable  to  reach  Southampton. 

After  delivering  his  address  giving  the  grounds  for  t^  award, 
the  President  handed  the  Med^  t)  the  Foreign  Secretary, 
Dr.  Huggins,  to  hand  to  Prof.  Barnard. 

TTie  President.  I  have  another  pleasant  duty  to  perform ;  this 
to  mention  an  award  now  made  for  the  first  time.  This  arises 
from  a  bequest  by  the  late  Mrs.  Jackson-G-wilt,  and  consists,  as 
the  Fellows  are  no  doubt  awar^,  of  a  bronee  medal  and  a  gift  of 
money. 

Your  Council  has  awarded  this  gift  to  Mr.  Lewis  Swift,  and 
I  am  sure  that  I  need  not  say  anything  to  you  of  Mr.  Swift's 
astronomical  labours  nor  of  the  peculiar  circumstances  that  will,  1 
hope,  make  the  gift  doubly  acceptable  to  him.  In  fact,  as  I 
have  the  opportunity  of  setting  the  precedent  in  this  matter,  I 
propose  to  refrain  from  giving  an  address  :  for,  though  the 
Society  has  been  accustomed  to  hear  an  address  read  in  Ttference 
to  the  award  of  the  G-old  Medal,  I  think  that  there  are  reasons 
why  this  custom  should  not  be  followed  in  the  case  of  this  j|^, 
and  so  I  will  only  ask  the  Foreign  Secretary  to  forward  this  Medal 
and  the  gift  to  Mr.  Swift,  with  the  best  hope  of  the  Society  that 
better  times  may  come  to  him. 

Lord  McLaren.  It  is  my  duty  to  propose  the  usual  resolution: 
*'  That  the  Eeport  now  read  be  received  and  adopted,  and  that  it 
be  printed  and  circulated  in  the  usual  manner,  together  with  the 
President's  Address  and  the  Eeport  of  the  Auditors."  It  is  quite 
unnecessary  for  me  to  say  anything  in  support  of  this  resolution. 
The  Eeport  has  evidenUy  been  prepared  with  all  the  care  and 
accuracy  that  has  always  characterized  the  reports  of  the  Council, 
and  which  have  made  the  reports  such  admirable  history ;  and  we 
must  all  have  been  interested  in  the  Address  which  the  President 
has  just  read  to  us. 

Admiral  Sir  Erasmus  Ommanney.  I  have  great  pleasure  in 
seconding  this  motion.  I  think  that  we  shall  not  easily  forget 
the  able  and  interesting  address  which  we  have  just  had  from 
Dr.  Common. 

Th€  President  appointed  Mr.  Y.  J.  Bouton,  Mr.  A.  Cottam,  and 
Mi^or  Kingsley  Foster  as  Scrutineers  of  the  Ballot. 
.   The  Ballot  was  then  proceeded  with,  and  the  following  gentlemen 
tLMed  to  serve  as  Officers  of  the  Society  for  the  ensuing 
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President :  Sir  B.  S,  Ball.  Vice-Presidents :  Dr.  A.  A.  Common, 
Dr.  G-.  H.  Dar^m,  E.  W.  Maunder,  Dr.  Isaac  Roberts.  Treasurer : 
E.  B.  EJQobeL  Secretaries :  H.  F.  Newall,  Prof.  H.  H.  Turner. 
Foreign  Secretary :  Dr.  William  Huggins.  Council :  Capt.  W. 
de  W.  Abney,  W.  H.  M.  Christie  (Astronomer  Eoyal),  Dr.  A.  M. 
W.  Downing,  F.  W.  Dyson,  Dr.  J.  W.  L.  Glaisber,  Capt.  E.  H. 
Hills,  W.  H.  Maw,  Capt.  William  Noble,  G.  M.  Seabroke,  E.  J. 
SStone,  Dr.  E.  J.  Spitta,  Dr.  G-.  Johnstone  Stoney. 

The  result  of  the  Ballot  was  read  by  Mr.  Cottam,  and  Sir 
£obert  Ball  then  took  the  Chair. 

JRev,  F.  Howlett  proposed,  and  Major  Kingdey  Foster  seconded, 
"that  "  the  thanks  of  the  Meeting  be  given  to  the  President,  Vice- 
Presidents,  Secsretary,  and  other  Members  of  the  Council  who  now 
retire,  for  their  services  in  promoting  the  objects  of  the  Society.*' 
The  motion  was  carried  by  acclamation. 

On  the  motion  of  Dr.  R.  Bryant^  seconded  by  W,  T,  Lyrm,  a 
^ote  of  thanks  was  accorded  to  tiie  Auditors  ol:  the  Treasurer's 
accounts,  and  the  Scrutineers  of  the  Ballot. 

The  following  gentlemen  were  elected  Fellows  of  the  Society : — 

George  BanJcs,  4  John  Street,  Bedford  Kow,  W.O. ;  John  Chas, 
Clancey^  F.B.GI-.S.,  F.S.I.,  Assistant  Director  of  Land  Eecords  and 
Agricidture,  Burmah,  7  Crafton  Square,  Clapham  Common,  S.  W. ; 
William  Fraser  Doah,  M.A.,  Nautical  Almanac  Office,  3  Verulam 
Buildings,  Gray's  Inn,  W.C. ;  Bev.  Edward  Spry  Leverton^  M.A., 
School  House,  Kirkham,  Lancashire ;  Ernest  Frederick  John  Love^ 
M.A.,  Lecturer  in  Physics  in  the  University  of  Melbourne, 
Australia ;  William  Arthur  Smith,  78  Hagley  Boad,  Edgbaston, 
and  94  Charlotte  Street,  Birmingham  ;  Edward  Wddon^  10  Morden 
E^,  Blackheath,  S.E. 

The  following  Candidates  were  proposed  for  election  as  Fellows 
of  the  Society : — 

John  FranJclin  Adams,  Wimbledon  (proposed  by  L,  Becker). 

Beo,  Sherrard  Beaumont  Burnaby,  M.A.,  The  Vicarage,  Hamp- ; 
stead,  N.W.  (proposed  by  B,  Woodd  Sjnith). 

John  Sisson  Slater,  M.A.,  LL.D.,  Barrister-at-Law,  i  Grarden 
Court,  Temple,  E.C.,  and  Seafield  House,  Lytham  (proposed  by 
Sir  E.  S.  Ball). 

Bev,  John  Spenoe,  Minister  of  Chelsea  Chapel,  27  Walpole 
Street,  Chelsea,  S.W.  (proposed  by  W.  WiUett). 


THE  BEITISH  ASTBONOMICAL  ASSOCIATION. 

The  third  Ordinary  Meeting  of  the  current  Session  of  the 
British  AstronomicaJ  Association  was  held  at  University  C)ollege, 
Gower  Street,  on  Wednesday,  January  27th,  Mn  N.  E.  Oreen, 
FMJLJS.f  President^  in  the  Chair. 
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The  President  referred  to  the  death  of  Mr.  T.  G.  Elger,  who 
had  from  the  formation  of  the  Association  been  a  member  of  the 
Council  and  Director  of  the  Lunar  Section.  A  letter  of  condolence 
to  Mrs.  Elger  was  read  and  approved. 

Mr,  J,  Evershed  read  a  paper  on  "  the  Cause  of  the  Darkness 
of  Sun-spots."  He  said  that  the  blackness  of  spots  had  been 
generally  attributed  to  dense  masses  of  cool  vapour  which  absorbed 
the  light  of  the  underlying  photosphere.  He  had  always  felt  that 
this  was  a  very  unsatisfactory  explanation  and  he  was  glad  to  see 
from  the  discussion  that  had  taken  place  at  the  previous  meeting 
that  this  somewhat  crude  idea  had  been  practically  abandoned  and 
that  Mr.  Maunder  had  substituted  a  view  which  seemed  much 
more  in  harmony  with  the  observed  telescopic  appearance  of  spots. 
It  appeared  to  the  writer  a  reasonable  hypothesis  that  the  interior 
of  the  Sun  was  so  inconceivably  hot  that  its  radiation  took  place 
in  wave  frequencies  of  a  higher  order  altogether  than  those  which 
could  be  perceived  by  eye  or  photography,  the  visible  radiations 
being  relatively  feeble.  This  assumed  that  in  a  radiating  body 
at  high  temperature  the  longest  waves  tended  to  diminish  in 
intensity  with  increase  of  temperature.  It  would  seem  not 
impossible,  therefore,  that  in  the  radiation  of  a  sun-spot  this 
relatively  feeble  region  of  the  spectrum  had  crept  up  into  the 
shorter  visible  wave-lengths  following  in  the  wake  of  the  rays  of 
greatest  energy,  which  had  travelled  far  up  into  the  ultra-violet. 
It  seemed  very  desirable  that  solar-spectroscopists  should  follow 
the  spot-band  far  into  the  invisible  regions  by  photographic  and 
bolometric  methods,  so  as  to  discover  the  true  significance  of 
"Wilson's  results. 

CajpL  Nohh  remarked  that  when  astronomers  talked  about  the 
blackness  of  sun-spots  they  were  apt  to  forget  how  perfectly 
relative  that  darkness  was.  ELe  reminded  the  meeting  that  the 
brightest  artificial  light  we  were  able  to  produce  l(X)ked  like  a 
black  spot  on  the  Sun.  Fizeau's  and  Foucault's  experiments 
showed  that  the  photosphere  was  146  times  brighter  than  the 
lime- light. 

Mr.  Maunder  thought  that  Mr.  Evershed's  was  a  most  thoughtful 
and  suggestive  paper.  The  difficulty  with  which  Mr.  Evershed 
had  dealt  was  a  very  real  one,  for  it  was  perfectly  clear,  as  the 
writer  of  the  paper  had  pointed  out,  that  if  they  had  in  a  spot  a 
breach  in  the  photosphere,  and  they  had  the  glowing  gases  revealed 
to  them  that  were  below  the  photosphere,  they  would  expect  that 
the  failure  in  the  radiating  power  of  these  gases  would  be  com- 
pensated by  their  greater  transparency.  The  method  in  which 
Mr.  Evershed  had  suggested  they  might  get  over  that  diflSculty 
was  one  that  was  quite  novel  to  him  (the  speaker)  and  was  certainly 
worthy  of  the  most  careful  investigation. 

Mr.  Evershed  had  also  drawn  attention  to  a  very  important 
point  >K'hich  had  too  often  escaped  the  notice  of  spectroscopists, 
namely^  that  the  spot-spectrum  as  they  knew  it  in  the  spectroscope 
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was  certainly  affected  by  the  illumination  of  our  own  atmosphere. 
Of  that  effect  they  ought  to  take  full  account.  He  trusted  the 
suggestion  with  which  Mr.  Evershed  concluded  his  paper,  that  the 
spot-spectra  should  in  future  be  followed  up  in  the  extreme  ultra- 
violet and  infra-red,  would  bear  fruit. 

The  Secretary  read  a  paper  on  "  The  Positions  of  Sun-spots  "  by 
the  Mev.  A.  L.  Gortie.  The  writer  remarked  that  a  simple  method 
of  determining  the  heliographic  latitude  and  longitude  of  sun-spots 
was  by  the  use  of  orthographic  projections  of  the  parallels  and 
meridians  on  discs  of  the  sarpe  size  as  the  drawings  of  the  image 
of  the  Sun  to  be  measured,  prepared  for  the  positions  o*^  to  +  7® 
of  angular  tilt  of  the  axis  of  the  Sun  relatively  to  the  visible  limb. 

Mr.  Maunder  thought  that  for  many  purposes  the  projection 
method  was  quite  sufficient  where  no  great  accuracy  was  required 
or  in  investigations  where  a  large  number  of  spots  were  being 
treated  together,  so  that  small  errors  would  go  out  in  the  mean. 
Mr.  Maunder  then  showed  on  the  screen  some  photographs  of  the 
great  group  of  sun-spots  of  September  last  taken  at  Grreenwich 
and  in  India,  and  also  some  views  of  the  great  group  of  January, 
the  latter  of  which  covered  an  area  of  2,800,000,000  square 
miles. 

Mr.  H,  F,  Griffiths  read  a  paper  on  "  The  Oudemann  Sea  of  Mars," 
in  which  he  drew  attention  to  the  strong  evidence  we  appeared  to 
have  of  extensive  changes  that  had  taken  place  on  Mars  since  the 
planet  was  first  observed,  and  drawings  of  sufficient  detail  for 
comparison  made.  These  changes  were  most  conspicuous  in  the 
so-called  "  seas."  By  the  aid  of  lantern-slides  thrown  upon  the 
screen,  drawings  of  the  Oudemann  Sea  covering  a  period  of  1 7  years 
were  contrasted. 

Capt,  Noble  said  he  was  a  very  old  observer  of  Mars,  but  he  had 
never  yet  been  able  to  see  the  extraordinary  amount  of  detail 
described  by  some  observers  now-a-days,  and  he  believed  that  their 
esteemed  President,  the  finest  astronomical  draughtsman  of  the 
present  generation,  did  not  see  the  astonishing  network  of  double 
canals.  And  it  added  to  the  mystery  that  these  details  were  all 
observed  with  comparatively  small  instruments. 

Mr.  Holmes  said  it  was  not  the  slightest  use  to  base  any 
conclusions  as  to  the  changes  on  the  planets  upon  drawings  made 
by  different  people  at  different  times  and  with  different  instruments. 
He  would  undertake  froin  the  Association's  Mars  reports  to  show 
as  many  changes  in  one  hour  as  Mr.  G-riffiths  could  point  out  in 
seven  years. 

Mr.  Griffiths  replied  that  it  all  depended  upon  the  amount  of 
time  given  to  the  observation  of  the  planet. 

The  President  said  the  point  he  desired  to  draw  attention  to 
was  this:  that  the  planet  Mars  had  upon  its  surface  certain 
definite  tones  of  shade  in  which  he  had  seen  very  little  alteration. 
They  were  so  large  and  distinct  that  they  could  not  be  missed,  and 
the  puzzling  thing  was  that  in  many  of  the  drawings  that  exhibited 
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the  greatest  amount  of  detail  these  large  shaded  markings  were 
not  shown. 

Mr.  Maunder  wished  Mr.  Griffiths  had  taken  a  larger  section 
of  the  planet  for  his  study  and  compared  the  drawings.  It  was 
pretty  clear  that  what  some  observers  saw  as  canals  other  people 
had  seen,  in  many  instances,  as  the  edges  of  faint  markings. 
With  regard  to  Mr.  Griffiths's  own  drawings,  M.  Antoniadi,  the 
Direc^tor  of  the  Section^  described  them  as  among  the  very  best 
sent  in. 

Mr,  PetrU  announced  that  a  set  of  70  lantern-slides  of  pictures 
relating  to  the  Eclipse  Expedition  had  been  purchased  for  the 
Xantern-slide  Department  of  the  Association. 
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At  the  Meeting  of  this  Society  on  Wednesday  evening, 
February  17th,  Mr.  Edward  Mawlet/j  F.E.H.S,,  President,  read 
a  Eeport  on  the  Phenol ogical  Observations  during  the  past  year. 
He  showed  that  throughout  the  flowering  season,  wild  plants  came 
into  bloom  much  in  advance  of  their  usual  time,  and  were,  as  a 
rule,  earlier  than  in  any  recent  year  since  1893.  The  wealth  of 
blossom  on  nearly  all  kinds  of  trees  and  shrubs  was  a  noteworthy 
feature  of  the  spring  and  early  summer ;  while  the  abundance  of 
wild  fruits  in  the  autumn  was  even  more  exceptional.  From  an 
agricultural  and  horticultural  point  of  view  the  one  great  drawback 
of  the  year,  which  must  otherwise  have  proved  one  of  the  most 
bountiful  on  record,  was  a  drought  that  lasted  almost  without 
break —  at  all  events  so  far  as  vegetation  is  concerned — from  March 
to  September.  The  wheat  crop  proved  the  largest  and  best  for 
many  years,  while  there  was  a  good  yield  of  barley  and  potatoes. 
The  small  fruits  were  also  good.  With  these  exceptions  all  tb« 
farm  and  garden  crops  were  more  or  less  indifferent,  the  crop  of 
hay  being  especially  scanty. 

The  Hon.  Rollo  Russell  gave  the  results  of  some  observations  on 
Haze  and  Transparency  which  he  had  made  at  Haslemere  in  Surrey. 
Prom  these  it  appears  that  the  clearest  hours  at  a  good  distance 
from  towns  are  from  about  noon  to  3  p.m.  The  clearest  winds 
are  those  from  S.  to  N.W.  inclusive,  and  especially  W.S.W.,  W*, 
and  W.N.W. ;  the  haziest  are  those  between  N.  and  E.  On  bright 
mornings  with  a  gentle  breeze  or  calm,  from  autumn  to  spring,  the 
haze  or  fog  which  has  lain  on  the  low  ground  frequently  covers 
the  hills  in  the  course  of  its  ascent  a  few  hours  after  sunrise.  At 
any  distance  within  100  miles  of  London,  or  of  the  Black  Country, 
observations  requiring  clear  views  are  likely  to  be  interfered  with 
when  the  wind  blows  from  their  direction,  and  should  therefore  be 
tftken  early. 
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The  Great  Meteoric  Shower  of  November. 

It  may  be  safely  said  that  in  the  month  of  November,  during  the 
next  few  years,  all  astronomers  and  a  lar^  majority  of  the  general 
public  will  become  meteoric  observers,  for  the  phenomena  pre- 
sented will  be  of  an  exceptional  kind  and  of  a  character  to  interest 
everyone. 

There  is  scarcely  any  natural  event  which,  to  the  observant  eye, 
is  so  brilliant,  so  impressive  and  animated,  as  a  rich  shower  of 
meteors,  A  total  solar  eclipse,  with  its  weird  shadow-bands, 
corona,  and  red  prominences,  a  large  comet,  with  ifcs  train  spread 
over  a  considerable  extent  of  the  heavens,  and  a  vivid  Aurora 
Borealis,  with  its  streamers  and  condensations  of  crimson  light, 
have  their  striking  attributes,  but  it  is  questionable  whether  they 
can  compare  with  the  remarkable  features  which  accompany  a 
great  fall  of  shooting-stars.  The  rarity  of  the  spectacle  also 
enhances  its  interest,  so  that  when  once  seen  it  is  never  forgotten. 
!For  hours  meteors  descend,  not  singly  or  in  pairs,  but  in  bursts 
of  lo,  20,  or  more,  and  they  are  mostly  fine  objects,  like  Sirius  or 
£rst- magnitude  stars,  flashing  out  here,  there,  and  everywhere  in 
the  firmament,  and  furrowing  the  sky  with  rapid  flights  and  often 
lasting  more  than  a  second  of  time.  And  it  is  a  special  feature  of 
the  November  meteors  that,  as  the  nucleus  of  each  one  dies  away, 
an  afterglow  or  streak  of  phosphorescence  comes  out  along  the 
path ;  and  if  these  are  attentively  observed,  their  directions  will  be 
seen  to  be  pretty  symmetrical  emanations  from  a  focus  amongst 
the  stars  in  the  well-known  sickle  of  Leo. 

Meteoric  observers,  and  indeed  everyone  who,  either  habitually 
or  casually,  contemplates  the  heavens,  are  extremely  fortunate  as 
regards  their  prospects  in  the  immediate  future.  There  will  be 
rich  showers  of  Leonids  during  the  next  6  or  7  years,  not  always 
brilliant;  but  in  the  years  1899,  1900,  or  1901  there  should  be 
magnificent  displays,  one  or  two  of  which  will  probably  be  visible 
in  England  if  the  weather  is  clear.  There  may  also  occur  a  fine 
exhibition  of  meteors  on  about  November  23,  1898  or  1899. 
These  meteors  are  connected  Math  Biela's  comet,  and  radiate  from 
Andromeda:  they  offered  splendid  displays  in  November  1872 
and  1885,  and  it  seems  fair  to  assume  a  recurrence  in  1898,  a 
similar  interval  having  passed. 

These  expected  events  present  a  similarity  to  those  actually 
observed  a  century  ago,  when  meteoric  astronomy  was  in  its  early 
infancy.  On  December  6,  1798,  a  brilliant  shower  of  2000 
meteors  was  observed  by  Brandos  at  Leipsig;  on  November  11, 
1799,  many  thousands  of  meteors  were  seen  in  South  America,  in 
Greenland,  at  Weimar  in  Q-ermany,  and  other  places,  while  on 
April  20,  1803,  another  shower  was  observed  at  Bichmond,  Va., 
where  the  meteors  fell  too  fast  to  be  correctly  enumerated,  but  the 
estimated  hourly  number  was  800.     Thus,  within  five  years,  at  the 
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close  of  the  last  century,  three  fine  meteor-showers  were  observed, 
and  we  shall  shortly  be  entitled  to  expect  a  repetition  of  the 
phenomena  except  in  regard  to  the  April  shower  of  1803.  The 
fact  that  the  two  other  displays  alluded  to  occur  at  approximately 
the  same  years  of  a  century  is  due  to  the  circumstance  that  three 
revolutions  of  the  Leonids  (1  =  335  y^ars)  and  fifteeen  revolutions 
of  the  Andromedes  (i  =  6-65  years)  are  as  nearly  as  possible 
equivalent  to  100  years.  Of  course,  it  is  not  only  the  end  of  each 
century  which  is  thus  favoured  with  meteoric  exhibitions,  for  there 
are  intermediate  showers  corresponding  with  the  periodical  returns 
of  the  meteor  groups,  such  as  those  of  the  Leonids  in  1833  and 
1866,  and  of  the  Andromedes  in  1838,  1872,  1885,  and  1892. 

It  is,  however,  with  the  Leonids  that  we  are  now  immediately 
concerned.  Of  all  the  meteor-showers,  old  and  new,  this  mid- 
November  stream  is  the  most  important.  In  1833  it  probably 
formed  the  most  brilliant  display  ever  recorded  in  our  annals.  Its 
history  and  associations  are  of  extreme  interest,  and  the  obser- 
vations it  has  provided  have  assisted  in  the  successful  development 
of  the  theories  of  meteoric  astronomy  more  than  those  of  any 
other  system,  and  a  significant  feature  of  it  is  that  a  comet  is 
revolving  in  the  same  orbit,  and  that  to  this  comet  the  meteors 
owe  their  parentage.  The  comet  was  seen  at  the  end  of  1865  and 
beginning  of  1866,  and  it  will  probably  be  reobserved  in  the  spring 
of  1899.  The  history  of  the  meteor-stream  goes  back  nearly  a 
thousand  years,  vaguely  and  incompletely  it  is  true,  but  the 
connecting-link  appears  to  be  unmistakable,  and  the  shower  of 
stars  in  902  furnishes  suggestive  evidence,  in  combination  with 
those  of  931,  934,  1002,  &c.,  that  it  was  really  the  precursor  of 
and  identical  as  regards  physical  orgin  with  the  showers  of  1833 
and  1866.  We  have  no  details,  it  is  true,  of  the  ancient  displays, 
the  record  mentioning  only  the  fact  and  the  impression  it  excited, 
while  it  avoids  scientific  description.  Still,  such  records,  bare  as 
they  were  of  salient  details,  possessed  a  certain  significance  and 
were  found  valuable  inasmuch  as  the  date  was  given  as  well  as  the 
character  of  the  phenomenon.  When  compared  with  modern 
analogies  they  materially  assisted  in  determining  the  true  period 
of  the  November  meteors. 

Their  history,  as  already  stated,  dates  from  902,  and  that  our 
knowledge  of  this  system  stretches  so  far  back  through  the  vista 
of  time  is  due  to  the  praisev^  orthy  efforts  made  by  Herrick,  Arago, 
Quetelet,  and  Newton  to  unearth  all  the  records  of  star-showers 
from  the  labyrinth  of  old  historical  works.  In  April  1840 
Mr.  E.  C.  Herrick,  of  New  Haven,  Connecticut,  framed  a 
chronological  list  of  39  star-showers  of  former  times.  In  the 
*  American  Journal  of  Science  and  Arts '  for  May  1864  Prof.  H. 
A.  Newton  gave  a  catalogue  of  13  star-showers  presumed  to 
represent  difPerent  returns  of  the  Leonids  as  they  occurred  in  the 
autumn  between  October  12  and  November  12  in  the  following 
jeam:— 902,  931,  934,  1002,  iioi,  1202,  1366,  1533,  1602,  1698, 
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1799,  1^32)  ftnd  1833 ;  and  it  may  be  interesting  to  quote  from 
the  descriptions  of  some  of  these  showers,  especially  of  the  three 
•latter  and  of  the  subsequent  showers  which  occurred  in  1834, 
^^35*  1836,  1866,  <fec.,  <&c.,  where  the  information  is  full  and 
supplied  by  many  different  observers. 

902  October. — On  the  night  of  the  12th,  when  King  Ibrahim- 
Ben- Ahmed  died,  it  is  mentioned  by  Conde  in  his  Arabian  history 
that  *'  an  immense  number  of  falling-stars  were  seen  to  spread 
themselves  over  the  face  of  the  sky  like  rain.**  The  vivid 
impression  produced  by  this  spectacle  was  long  remembered,  and 
the  year  in  which  it  happened  was  thereafter  known  as  *'  the  year 
of  stars." 

1202  October  19. — It  is  recorded  that  "the  stars  shot  hither 
and  thither  in  the  heavens,  eastward  and  westward,  and  flew 
against  one  another  like  a  scattering  swarm  of  locusts  to  the  right 
and  left ;  this  phenomenon  lasted  until  daybreak.  People  were 
thrown  into  consternation,  and  cried  to  God  the  Most  High  with 
confused  clamour.*' 

1366. — "22  days  of  the  month  of  October  being  past,  three 
months  before  the  death  of  the  king,  Don  Pedro  (of  Portugal), 
there  was  in  the  heavens  a  movement  of  the  stars  such  as  men 
never  before  saw  or  heard.  At  midnight  and  for  some  time  after 
all  the  stars  moved  from  the  east  to  the  west,  and  after  being 
collected  together,  they  began  to  move,  some  in  one  direction, 
others  in  another.  And  afterwards  they  fell  from  the  sky  in  such 
numbers  and  so  thickly  together,  that  as  they  descended  low  in  the 
air  they  seemed  large  and  fiery,  and  the  sky  and  the  air  seemed  to 
be  in  flames,  and  even  the  Earth  appeared  as  if  ready  to  take  fire. 
That  portion  of  the  sky  where  there  were  no  stars  seemed  to  be 
divided  into  many  parts,  and  this  lasted  for  a  long  time." 

In  the  old  chronicles  some  national  event  is  usually  mentioned 
S8  occurring  almost  contemporary  with  every  celestial  phenomenon. 
With  superstition  dominant,  it  will  be  readily  understood  that  the 
effect  produced  by  the  flight  of  immense  numbers  of  shooting-stars 
^as  a  very  alarming  one,  both  from  its  unexpected  nature  and  the 
mystery  involving  it.  The  popular  idea  was  that  it  was  a  malign 
portent,  .and  kings  and  emperors  trembled  in  insecurity,  fearing 
that  these  marvellous  visitants,  like  comets  and  other  celestial 
prodigies,  boded  change  of  dynasty  or  some  form  of  national 
disaster,  such  as  famine  or  plague.  It  is  fortunate  that  the  light 
of  science  has  long  since  dispelled  notions  of  this  character  and 
removed  the  terrors  due  to  ignorance. 

Perhaps  no  useful  purpose  will  be  served  by  multiplying 
references  to  old  records.  Coming  down  to  modern  times  it  will 
be  found  that  meteoric  showers  were  described  with  more  regard 
to  scientific  detail  and  accuracy. 

Shower  of  November  11,  1799. 
In  November  1799  there  occurred  another  great  star- shower, 
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and  it  appears  to  have  been  widely  observed.  Humboldt  and 
BoDpland  were  travelling  in  Cumana,  South  America,  and  their 
.descriptions  of  the  event  must  be  familiar  to  astronomical  readers. 
Humboldt  said  that  thousands  of  bolides  (probably)  and  falliog 
stars  appeared  during  four  hours,  and  that  their  direction  was 
from  north  to  south.  Bonpland  related  that  from  the  beginning 
of  the  phenomenon  there  was  not  a  space  in  the  Urmament  equal 
in  extent  to  three  diameters  of  the  Moon  which  was  not  jQIled 
every  instant  with  bolides  and  falling  stars.  All  of  the  meteors 
left  luminous  traces  or  phosphorescent  bands  behind  them.  The 
G-uaiqueries  in  the  Indian  suburb  came  out  and  asserted  that  the 
"  firework  "  had  begun  at  one  o'clock.  The  phenomenon  ceased 
by  degrees  after  four  o'clock,  and  the  bolides  and  falling  stars 
became  less  frequent,  but  we  still  distinguished  some  towards  the 
north-east,  a  quarter  of  an  hour  after  sunrise.  "The  meteors 
were  seen  by  many  of  the  inhabitants  of  Cumana,  and  some  of 
the  oldest  remembered  that  the  great  earthquakes  of  1766  were 
preceded  by  a  similar  exhibition.  The  shower  of  1799  was 
witnessed  at  many  widely-Klistaut  stations,  for  it  was  reported 
from  North  and  South  America,  Grreenland,  and  from  several 
places  in  Grermany.  Mr.  Ellicott  saw  it  while  at  sea  in  the 
Gulf  of  Mexico,  and  has  given  his  impression  as  follows : — "  I 
was  called  up  at  about  3  o'clock  in  the  morning  to  see  the  shooting- 
stars,  as  they  are  called.  The  phenomenon  was  grand  and  awful. 
The  whole  heavens  appeared  as  if  illuminated  with  sky-rockets, 
which  disappeared  only  by  the  light  of  the  sun  after  daybreak. 
The  meteors,  which  at  any  one  instant  appeared  as  numerous  as 
the  starSy  flew  in  all  possible  directions  except  from  the  Earth, 
towards  which  they  were  all  inclined  more  or  less,  and  some  of 
them  descended  perpendicularly  over  the  vessel  I  was  in,  so  that  I 
felt  in  constant  dread  of  their  faUing  on  us." 

In  1820,  on  November  20,  shooting-stars  were  reported  to  be 
very  numerous,  and  on  the  same  day  of  the  year  1822,  meteors 
mingled  with  balls  of  fire  were  seen  in  vast  numbers  at  Potsdam 
by  Kloden. 

Showers  in  November  1833  and  neighbouring  yean. 

The  avant'couri^res  of  the  brilliant  display  of  1833  appear  to 
have  been  noticed  as  early  as  November  1 2, 1830,  when  Dr.  Lardner 
records  that  meteors  were  so  numerous  as  to  attract  particular 
notice.  In  1831  the  shower  recurred  with  increased  intensityi 
and  the  following  account  was  given  to  Arago  by  Captain  Berard, 
of  the  French  brig '  Loiret ' : — "  The  13th  of  November,  at  4  o'clock 
in  the  morning,  the  sky  being  perfectly  cloudless  and  a  copious 
dew  falling,  we  saw  a  number  of  shooting-stars  and  luminous 
meteors  of  great  dimensions.  During  upwards  of  three  hours 
more  than  two  per  minute  were  seen.  One  of  these  meteors, 
which  appeared  in  the  zenith,  left  an  immense  train  from  east  to 
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"west  like  &  luminoos  band,  and  in  it  many  of  the  colours  of  the 
lainbovr  wesre  distinctly  visible ;  its  breadth  was  equal  to  one  half 
-of  ther  Moon's  diameter,  and  the  light  it  gare  did  not  disappear 
for  six  minntes.  We  were -on  the  coast  of  Spain  near  Carthagena." 
Dr.  Wright,  of  Ohio,  U.S"A.,  also  observed  a  shower  of  shooting- 
stars  on  the  night  following  November  12,  1831. 

In  1832  th«  display  was  repeated,  and  it  seems  to  have  been 

well  observed  by  Captain  Hammond  at  Mocha  on  the  Sed  Sea, 

who  says,  **.From  one  o'clock  a.m.  till  after  daylight  (November  13) 

there   was  a  very   unusual  phenomenon  in  the    heaveus.      It 

appeared  like  meteors  bursting  in  every  directioa.    The  sky  at  the 

time  was  clear,  the  stars  and  moon  bright,  with  streaks  of  light 

^md  thin  white  cloud  interspersed  in  the  sky.     On  landing  in  the 

morning  I  enquired  of  the  Arabs  if  they  had  noticed  the  above; 

They  said  they  had  been  observing  it  most  of  the  night.     I  asked 

them  if  ever  the  like  had  appeared  before.     The  oldest  of  them 

replied  that  it  had  not."     The  shower  was  noticed  at  other  places, 

for  M.  Tharaud,  a  retired  officer  of  Limoges,  stated  that,  on  the 

night  of  November  11,  1832,  the  workmen  engaged  in  laying  the 

foundation  of  a  new  bridge  over  the  river  Vienue  "  observed  the 

firmament  brilliant  with  meteors,  which  at  first  only  amused  them, 

but  after  some  hours  the  number  and  splendour  of  these  luminous 

appearances  were  so  greatly  augmented  that  the  people  were 

seized   with   panics,  and   so  great   was   their  terror  that   they 

abandoned  their  labour  and  flew  to  their  families,  exclaiming  that 

the  end  of  the  world  had  arrived.     On  the  next  day  these  people 

were  interrogated  on  the  subject,  and    their    accounts   varied 

according  to  the  different  impressions  which  had  been  produced 

on  their  imaginations.      Some  declared  that  they  saw  streams  of 

fire,  others  that  they  beheld  bars  of  red  iron  crossing  each  other 

in  all  directions,  others  that  they  observed  an  immense  quantity  of 

flying  rockets.     All  agreed  that  the  phenomena  were  diffused  over 

every  part  of  the  finnament,  that  they  commenced  at  1 1  o'clock 

^nd   continued  until  4  the  next  morning."     At  Orenburg  in 

Asiatic  Bussia^  on  November  13,  1832,  between  3  and  4  a.m.,  a 

large  number  of  meteors  were  also  seen ;   between  5  and  6  a.m. 

^he  ])henomenon  reached  its  greatest  splendour  and  it  continued 

Xintil  sunrise. 

The  display  of  1832  was  also  seen  from  places  in  Arabia  and 
^rom  the  Mauritius  to  Switzerland.  It  was  also  noticed  by  the 
i^ell-known  English  observer  Dawes,  who  says  in  Memoirs  E.A.8., 
Tiii.  76 :  *'  i832*86s.  Most  astonishingly  brilliant  meteors  from  the 
^ast  with  little  intermission,  for  about  an  hour,  when  a  thick  fog 
supervened." 

In  1833  the  shower  attained  its  maximum  on  November  12,  and 
presented  a  spectacle,  the  brilliant  character  of  which  it  is  ditficult 
either  to  conceive  or  describe.  The  terms  "  prodigious,"  '*  stupen- 
dous," "magnificent,"  and  "  splendid"  have  b^n  employed  to  convey 
an  idea  of  the  effect  it  produced,  but  mere  words  must  always  fail  to 
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paint  in  sufficiently  vivid  colours  the  real  aspect  of  a  great  natural 
phenomenon.  At  Boston,  U.S.A.,  the  display  continued  during 
7  hours,  and  it  was  estimated  that  240,000  meteors  were  visible. 
The  night  appears  to  have  been  cloudy  in  England  and  nothing 
-unusual  was  seen ;  but  along  the  whole  of  the  eastern  coast  of 
North  America,  from  the  GruH  of  Mexico  to  Halifax,  the  shower 
was  well  observed,  and  the  rising  sun  could  not  blot  out  all  traces 
of  the  phenomenon,  for  large  meteors  were  seen  now  and  then  in 
full  daylight.  The  meteors  were  most  numerous  at  about  5  a.m., 
November  13,  when  the  number  falling  was  considered  to  equal 
one-half  of  the  flakes  lilling  the  air  during  an  ordinary  snowstorm. 
One  observer  estimated  that  during  the  two  hours  from  4  to 
6  A.M.  about  1000  meteors  per  minute  might  have  been  counted. 
"  Within  the  scope  that  the  eye  could  contain  more  than  twenty 
could  be  seen  at  a  time,  shooting  in  every  direction.  Not  a  cloud 
obscured  the  broad  expanse,  and  millions  of  meteors  sped  their 
way  across  it  on  every  point  of  the  compass.  Their  coruscations 
were  bright,  gleamy,  and  incessant,  and  they  fell  thick  as  the 
flakes  in  the  early  snows  of  December.  One  was  witnessed  which 
left  a  path  of  light  that  was  clearly  discernible  for  more  than  ten 
minutes  after  the  ball  had  exploded.  Compared  with  the  splendour 
of  this  celestial  exhibition,  the  most  brilliant  rockets  and  flreworks 
of  art  bore  less  relation  than  the  twinkling  of  the  most  tiny  star 
to  the  broad  glare  of  the  sun." 

The  shower  was  witnessed  from  the  West  Indies  to  Canada  and 
from  60°  to  100°  west  longitude.  Prof.  Kirkwood  says  that  at 
lo  o'clock  in  the  evening  of  November  12  shooting-stars  were 
observed  with  unusual  frequency,  and  that  soon  after  midnight 
their  numbers  became  so  extraordinary  as  to  attract  .the  attention 
of  all  who  happened  to  be  in  the  open  air.  Erom  2  to  6  a.m.  the 
numbers  were  so  great  as  to  defy  all  efforts  at  counting  them, 
while  many  of  them  were  so  brilliant  that  people  sleeping  in 
rooms  with  undrawn  blinds  were  aroused  by  their  light.  In 
apparent  size  the  meteors  varied  from  half  a  degree  in  diameter 
and  rivalling  the  Moon  to  the  smallest  visible  points  of  Hght. 
Prof.  Kirkwood  met  an  illiterate  farmer  on  the  afternoon  of  the 
day  succeeding  the  shower,  and  the  latter,  after  referring  to  his 
impressions  of  the  display,  remarked  that  ^'  the  stars  continued  to 
fall  till  none  were  left,"  and  added,  "  I  am  anxious  to  see  bow  the 
heavens  will  appear  this  evening,  for  I  believe  we  shall  see  no 
more  stars!"  He  was  evidently  ignorant  of  the  very  wide 
distinction  between  falling  stars  and  tixed  stars.  Naturally,  the 
great  and  unexpected  fall  of  meteors  created  a  feeling  of  con* 
sternation  among  the  negroes  of  South  Carolina ;  and  one  descrip^ 
tion  of  the  effect,  by  a  planter,  is  too  impressive  to  be  omitted, 
though  it  has  often  been  quoted  : — "  I  was  suddenly  awakened  by 
the  most  distressing  cries  that  ever  fell  on  my  ears.  Shrieks  of 
horror  and  cries  for  mercy  I  could  hear  from  most  of  the  negroes 
of  the  three  plantations,  amounting  in  all  to  about  600  or  800. 
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"While  earnestly  listening  for  the  cause  1  heard  a  faint  voice  near 

'the  door  calling  my  name.     I  arose,  and  taking  my  sword,  stood  at 

"the  door.     At  this  moment  I  heard  the  same  voice  still  beseeching 

une  to  rise,  and  saying, '  O  my  God,  the  world  is  on  fire  I '    I  then 

opened  the  door,  and  it  is  difficult  to  say  which  excited  me  the 

most ~  the  awfulness  of  the  spectacle  or  the  distressed  cries  of  the 

negroes.     Upwards  of  a  hundred  lay  prostrate  on  the  ground — 

some  speechless  and  some  with  the  bitterest  cries,  but  with  their 

hands  upraised,  imploring  God  to  save  the  world  and  them.    The 

scene  was  truly  awful,  for  never  did  rain  fall  much  thicker  than 

the  meteors  fell  towards  the  earth ;  east,  west,  north,  and  south  it 

was  the  same."  W.  F.  Dbnndtg. 

[To  be  continued.] 


The  Orbit  of  the  Comet  of  a.d.  962. 

Is  the  year  1845,  the  late  Dr.  J.  E.  Hind  published,  in  vol.  xxiii. 
(pp.  377,  378)  of  the  '  Astronomische  Nachrichten,'  the  parabolic 
elements  of  a  comet  seen  in  the  year  962.  There  is  no  reference 
to  the  fundamental  data  of  the  calculation  except  mention  of  the 
fact  that  it  was  based  upon  Chinese  observations. 

Prof.  Oudemans,  of  Leyden,  in  1854,  while  engaged  in  some 

researches  relative  to  the  comet  of  that  year,  took  occasion  to 

discuss  the  observations  of    the  comet  of  962,  with  a  view  of 

establishing  whether  the  two  comets  were  identical  or  not.     His 

results  are  of  interest  mainly  on  account  of  the  statement  that  he 

could  not  reconcile  the  orbit  as  calculated   by  Hind  with  the 

observations  recorded  by  the  Chinese.     On  account  of  this  result, 

ISiT,  Hind's  orbit  has  always  been  clouded  by  suspicion,  and  I  am 

Very  glad  to  state  that  a  recent  complete  and  exhaustive  discussion 

of  the  Chinese  observations  and  a  new  calculation  of  the  comet's 

path  have  resulted  in  establishing  the  general  accuracy  of  the 

orbit  as  found  by  Mr.  Hind. 

I  cannot  here  enter  upon  an  exposition  of  all  the  details,  but 
^ust  content  myself  with  the  bare  mention  of  the  fundamental 
^ata  and  results.  I  am  bound  to  state,  however,  that  Prof, 
Oudemans'  deduction  of  the  last  observation  is  quite  in  error  and 
"that  he  failed  to  identify  the  stars  composing  the  stellar  group 
Tsi-sing  (lunar  mansion  Sing-Siou),  which  consist  of  7  stars  in 
Jtlydra. 

Of  course,  the  material  is  extremely  crude  and  besides  not  over 
trustworthy ;  the  positions  as  determined  by  me  may  possibly  be 
in  error  as  much  as  +  5°  in  Bight  Ascension,  and  +  3°  in  Declina- 
tion, but  the  resulting  orbit  remains  in  any  case  pretty  near  to 
the  values  as  deduced  from  the  mean  of  probable  positions. 
The  following  are  the  fundamental  data  of  the  calculation  : — 
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ParwM-T, 

A.D.  962  Jan.  28*0 B:A.     =s=  264°    o'  D  =  +  3^     S' 

Feb.  19*0 B.A.I    =  224    30  Di  =  — 11    30 

April  2'o....  B.A.u  «=  140     45  Dn  «  —16    15 

The  Chinese  observations  are  to  be  found  in  the  translation  by 
Biot  in  the  '  Connaissance  des  Temps '  for  1846, 
The  resulting  elements  are  as  follows : — 

Comet  961  A.i>. 

T=Dec.  30*-! 6  Paris  M.T. 

uf 81**    44'] 

Sd 355     40  >  Equ.  &  Eel.  962*0. 

*     95     26  J 

log  s'     9*7?988 

For  comparison  I  append  the  positions  probably  employed  by 
Hind,  and  the  elements  as  he  has  found  them  :— 

A.D.  962. 

(I.)  Jan.  28-0 E.A.     =  264°        D     =   -f   5^ 

(il.)  Feb.  19*0. .. .    B.A.I    =219  Di    =   —   5 

(III.)  April  20....    B.A.u  ==   133  Bu  =    — 10 

T=A.D.  961  Dee.  30**16  Greenwich  M.T. 

X     268°     3'^ 

S    350     35 

^      79     Z3 

log  9      97418 

Motion  retrograde. 

The  entire  work  on  this  as  well  as  other  comets  will  shortly  be 
published  at  lenp;th,  and  I  hope  rhat  the  discussion  of  the  Chinese 
observations  will  prove  useful  to  other  investigators. 

Turin,  Italy.     1S97,  Feb.  13.  GuSTAYB  BAVBNi. 


Jupiter's  Family  of  Comets. 

EvBETOi^B  who  has  consulted  the  list  of  cometary  discoveries  in 
recent  years  will  have  noticed  the  relatively  large  number  of  short- 
period  comets  which  have  been  added  to  our  knowledge.  Since 
the  autumn  of  1880  no  less  than  16  of  these  interesting  bodies 
have  been  brought  to  light  if  we  include  the  lost  comet  of  De  Vico 
(1844  I.)  and  the  comet  of  Tempel  (1869  III.),  the  latter  of  which 
was  not  more  than  suspected  to  be  periodical  until  its  rediscovery 
in  1880. 

I  have  drawn  up  the  annexed  list  of  comets  (p.  131)  added  to 
the  Jovian  family  in  and  since  1880.  It  will  be  seen  that,  with 
two  exceptions,  they  have  perihelia  outside  the  Earth's  orbit,  their 
mean  distance  from  the  Sun  being  1*47,  which  corresponds  to 


-  Equ.  &  Bel.  962*0. 
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136,700,000  miles.  The  mean  inclination  of  all  is  11°  2',  the  ex- 
tremes being  Barnard  (1892  V.)  31°  12',  and  Swift  (1895  11.)  and 
Finlay  (1886  YII.)  about  3°.  There  seems  little  doubt  that  Encke 
will  long  retain  its  position  as  having  the  shortest  period,  for  the 
great  majority  of  these  objects  recently  discovered  indicate  periods 
of  between  six  and  eight  years. 

The  striking  increase  effected  in  the  known  number  of  Jovian 
comets  during  the  last  16  years  is  remarkable,  especially  when  we 
remember  that,  if  we  omit  returns  of  periodical  comets,  the  average 
number  of  cometary  discoveries  has  shown  a  very  slight  increase  in 
the  period  named  on  the  rate  prevailing  between  1845  ^^^  i^79« 

While  the  majority  of  parabolic  comets  exhibit  perihelia  within 
the  Earth's  orbit,  considerable  inclination,  and  retrograde  motion, 
the  elliptical  comets  of  short  period  have  perihelia  outside  the 
Earth's  orbit,  very  slight  inclination,  and  direct  motion. 

Bristol.  W.  F.  DnionNG. 


Recent  Observations  of  Mars. 

It  may  be  remembered  that  M.  Perrotin,  some  time  Director  of 
the  Nice  Observatory,  recently  left  that  place  to  associate  himself 
with  M.  Janssen  at  Meudon.  Here  he  has  been  making  observa- 
tions of  Mars  with  the  great  equatorial  o"'83  aperture,  and  has 
published  his  observations  made  last  December  and  January  in 
the  '  Comptes  Eendus,'  vol.  cxxiv.  no.  7.  The  following  is  a 
translation  of  the  remarks  which  conclude  his  memoir ; — 
>  On  account  of  this  study,  which  has  enabled  me  to  establish 
some  new  features  and  to  verify  under  different  circumstances 
some  results  obtained  partly  at  Nice,  and  more  recently  upon 
Mount  Mounier  during  the  last  six  oppositions,  it  may  not  be 
without  interest  to  state  precisely  in  a  few  words  the  observational 
facts  which  now  seem  to  us  to  be  established  without  doubt. 

I.  Considered  from  the  point  of  view  of  the  general  appearance 
and  the  colour  of  the  regions  which  have  been  seen,  it  seelns  that 
the  globe  of  Mars  should  be  divided  into  four  distinct  zones. 

These  zones,  which  are  of  uniform  breadth,  and  of  which  the 
contiguous  zones  encroach  upon  one  another,  extend  quite  round 
the  planet,  remaining  sensibly  parallel  to  the  equator. 

Two  comprise  between  them  the  equatorial  regions.  The  first, 
much  the  larger  (from  60°  to  80°  on  the  average),  extends  around 
the  northern  hemisphere ;  this  is  more  particidarly  the  zone  of 
the  extraordinary  canals,  the  discovery  of  which  we  owe  to  Scbia- 
parelli,  and  to  which  we  ourselves,  by  our  publications  in  i886, 
caUed  the  attention  of  the  astronomical  world; 

This  is  also  the  part  of  the  surface  of  which  the  colour,  uni- 
formly reddish  and  strikingly  in  contrast  to  that  of  the  other 
parts,  gives  to  the  planet  the  characteristic  colour  so  well  known. 
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The  second  zone  does  not  exceed  40°  or  45°  at  its  greatest 
breadth;  this  is  situated  almost  entirely  in  the  southern  heHii- 
sphere,  and  comprises  the  greater  part  of  the  seas.  The  colour 
varies  from  light  grey  to  a  very  dark  grey,  nearly  black.  The 
continents  of  this  pwi}  of  the  disc  not  traversed  by  canals  are 
generally  less  coloured,  less  red,  clearer  and  whiter  than  the  con- 
tinents of  the  same  latitude  situated  in  the  region  of  canals. 
Certainly,  Hesperia  and  Hellas,  for  example,  are  of  a  very  decided 
white. 

The  third  and  fourth  zones,  ».  hich  are  bounded  respectively  by 
latitude  60°  in  the  northern  hemisphere,  and  by  latitude  50°  or  6o* 
in  the  southern,  exhibit  continents  of  a  white  colour  or  greyish 
near  the  seas.  Both  zones  touch  the  snowy  or  icy  regions  round 
the  poles. 

2.  At  the  same  distances  from  the  centre  of  the  disc  the  details 
of  the  surface  are  not  seen  with  the  same  ease  in  the  four  zones. 

Generally  the  canals  do  not  show  with  sharpness,  except  towards 
the  middle  of  the  disc,  and  the  visibility  extends  further  in  the 
direction  of  the  meridians  than  in  that  of  the  parallels.  The 
details  of  the  seas  continue  to  be  well  distinguished  at  quite  a  great 
distance  from  the  centre,  and  for  the  two  other  zones  the  visibility 
is  still  relatively  easy  very  near  the  limb,  as  may  be  judged  from  our 
drawings  of  1888.  This  is  notably  greater  in  the  neighbourhood 
of  the  poles. 

3.  !Ekcept  for  the  regular  changes  which  follow  the  course  of  the 
seasons,  and  which  affect  especially  the  polar  ice,  the  surface  of  Mars 
remains  invariable  in  its  prominent  lines,  and  transitory  changes 
of  detaQ  which  we  have  established  with  satisfaction  are  produced 
in  the  zone  of  canals  or  in  that  of  seas. 

In  the  course  of  our  long  study  of  this  planet,  two  regions  have 
specially  been  the  origin  of  apparent  changes  t  Lyhia,  the  Lacus 
fSoliSj  and  their  neighbourhoods.  The  modifications  sometimes 
liappening  in  the  canals  have  not  appeared  to  us  to  have  the  regular 
character  given  to  them  by  other  observers. 

4.  To  these  facts  of  a  general  kind,  we  will  add  two  other  par- 
ticulars which  arise  from  our  study  during  this  year.  The  first 
Prefers  to  Elysmm,  This  continent  situated  in  the  canal-zone  has 
^ways  appeared  to  us  brighter  than  the  parts  surrounding,  and 
lias  constantly  given  us  the  idea  of  relief  upon  the  surface  of  the 
cLisc.  This  is  without  doubt  only  an  impression,  but  it  has  been 
CO  persistent  and  so  often  renewed  that  we  are  forced  to  believe 
tihat  it  corresponds  to  some  reality.  It  will  be  said  that  it  is  a 
3)henomenon  of  contrast,  but  we  do  not  think  so. 

The  second  fact  relates  to  two  seas,  depicted  in  drawing  No.  4, 
»nd  which  cross  one  another  without  modifying  on  that  account 
iibeir  mutual  colours  *. 

With  the  luminous  projections  on  the  terminator,  the  bright 

*  See  M.  Ferrotin's  drawings  of  1888,  'Comptes  Bendus,'  vol.  cvii.,  and 
Prof.  Schiaparelli's  map  of  1882. 

VOL.  XX.  If 
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points  of  the  disc  noted  by  us  in  1892,  these  appearances  constitute 
the  riddles  of  Mars. 

Nevertheless,  and  in  spite  of  our  ignorance  of  the  causes  which 
produce  certain  of  these  phenomena,  we  hope  that  the  preceding 
summary  furnishes  information  partly  new,  which  is  of  a  nature  to 
extend  our  knowledge  of  the  configuration  of  the  planet  and  of  the 
effect  of  its  atmosphere  on  observations. 


CORRESPONDENCE. 

To  the  Editors  of  *  The  Observatory,^ 

Bamfield's  Astronomy, 

Geittlbmbn, — 

I  think  I  have  lately  come  across  the  most  absurd  book  on 
Astronomy  which  was  ever  written,  strong  as  the  expression 
may  seem.  The  whole  title  is  too  long  to  quote,  but  the  first 
part  is  '  A  new  Treatise  of  Astronomy,  or  Astronomy  opened.' ' 
Lalande  mentions  it  in  his  *  Bibliographie  Astronomique,'  but 
evidently  had  not  seen  it,  for  he  not  only  is  uncertain  about  its 
date  ("  1764  ou  1763  '*),  but  gives  the  author's  name  erroneously, 
as  Banfield  instead  of  Bamfield.  Samuel  Bamfield  tells  us  that 
he  was  a  teacher  of  mathematics  at  Honiton,  Devon ;  but  one  hopes 
that  his  pupils  did  not  remain  with  him  long.  The  date  of  his 
book  is  1764  ;  the  copy  in  the  British  Museum  has  a  manuscript 
scrap  from  the  author  fastened  in,  which  purports  that  it  was  a 
present  from  him  to  some  reverend  gentleman  whose  name  does 
not  appear.  The  letter  runs  thus: — "Honiton,  Feb.  20th,  64; — 
Rev.  Sr,  As  my  Book  is  now  published,  I  desire  you  w**  be  pleased 
to  accept  of  a  Copy,  and  I  presume  that  y®  impartial  and  capable 
Reader  will  receive  some  Pleasure  from  y®  Performance  of,  R^  Sir, 
y  most  obliged  humble  Servant,  S™  Bamfield. — ^Please  to  let 
D'  Bliss  and  Mr.  Maskelyne  have  a  Sight  of  it." 

Bliss  was  at  that  time  Astronomer  Royal;  he  died  before 
the  year  was  out  and  was  succeeded  by  Maskelyne.  Bamfield 
demolishes  the  Newtonian  (or,  as  he  prefers  to  call  it,  Kep- 
lerian)  theory  completely  to  his  own  satisfaction:  what  he 
proposes  to  substitute  may  perhaps  be  worth  reading  if  one. 
wants  a  little  merriment.  His  suggestions  about  the  motions 
of  the  Earth  and  Moon,  and  attempt  to  explain  the  seasons 
by  the  hypothesis  of  a  motion  of  the  Sun  round  the  same 
centre  as  the  Earth,  but  in  a  plane  at  right  angles  to  that  of 
the  Earth's  orbit,  amount  to  ludicrous.  But  his  simile  to  demolish 
the  third  law  of  motion  (as  he  understood,  or  misunderstood,  it) 
caps  the  rest.  "  If  any  Person,"  he  says,  "  should  give  me  a  full 
Blow  on  my  Head  with  a  Sledge  or  otherwise  cleave  my  Head 
[this  word  is  erased  and  *  Skull'  written  over]  with  a  Sword,  'tis 
plain  that  either  of  these  Instruments  will  have  a  sad  Effect  on 
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me.  But  wltat  contrary  Effect  my  Head  will  have  upoli  either  of 
the  Weapons  I  cannot  explain."  So  he  concludes  "  Sir  Isaac's 
Law  hath  not  the  Appearance  of  either  GPruth  or  Beason,"  and 
complacently  keeps  himself  clear  of  "  those  multiloquous  Pedants'* 
who  harangue  on  his  wonderful  discoveries.  In  another  place  he 
convicts  Newton  of  self-contradiction,  because  he  speaks  in  one 
place  of  the  parabolic  and  in  another  of  the  possible  elliptic 
motions  of  comets;  for  our  learned  author  contends  that  an 
ellipse  cannot  be  a  parabola  or  a  parabola  an  ellipse,  and  it  never 
seems  to  occur  to  him  that  some  comets  may  move  in  parabolic 
and  others  in  elliptic  orbits,  nor  was  he  mathematician  enough, 
doubtless,  to  perceive  that  a  parabola  is  the  limiting  curve  of  an 
ellipse.  But  he  might  have  given  himself  the  trouble  to  ascertain 
easy  matters  of  fact  and  not  write  "  What  Age  Sir  Isaac  was  when 
his  Mathematical  Principles  of  Natural  Philosophy  ushered  them- 
selves into  the  World,  I  know  not."  Equally  does  he  show  his 
ignorance  in  writing  "  Tis  well  known  that  a  great  Comet  was 
expected  again  by  all  our  Astronomers  in  1758  ;  but  as  it  did  uot 
return,  as  in  1682,  why  should  we  still  insist  that  our  Theory  of 
Comets  is  true  ? "  For  surely  the  fact  that  Halle^s  comet  did 
return  at  the  of  1758  could  as  easily  have  been  ascertained  as  the 
dates  of  the  birth  of  Newton  and  of  the  publication  of  the 
*  Principia.' 

Bomer*s  discovery  with  r^ard  to  the  motion  of  light  was  quite 
lost  upon  Bamfield,  though  it  had  beeu  confirmed  by  Bradley's 
discovery  of  aberration,  which  also  he  rejects  and  (as  he  thinks) 
•dearly  proves  that  the  propagation  of  light  must  be  instantaneous, 
"withal  expressing  his  opinion  that  Bradley  was  not  muck  of  a 
^mathematician,  i.  e,,  presumably  had  not  reached  the  heights  which 
"the  great  Honiton  teacher  had  attained. 

As  the  B.  A.  S.  possesses  a  copy  of  this  work,  its  Eellows  may 
entertain  themselves  with  it  (if  so  disposed)  at  their  leisure,  as  has 
-done  Yours  faithfully, 

Blackheath,  1897,  Jan.  27.  W.  T.  Lynv. 

Ball* 8  supposed  Discovery  of  the  Duplicity  of  Saturn* s  Ring. 

QcEsmsMESy — 

As  Mr.  Lynn  reverts  to  Ball's  supposed  discovery  of  the 
dopHcitiy  of  Saturn's  Eing,  on  p.  98,  it  may  not  be  wholly  out  of 
place  if  I  reiterate  here  what  I  pointed  6ut  at  the  time  that 
Mr.  L.  first  invited  attention  to  this  question:  viz.,  that  the 
comparatively  modern  notion  that  Ball  ever  saw  the  chief  division 
in  the  Satumian  Eing  system  is  due  to  Kitchiner,  who,  on  p.  354 
of  his  curious  Olla-podrida  '*  Gn  Telescopes,"  published  by  Whit- 
taker  in  1825,  speaking  of  the  visibility  of  this  division  in  some  of 
bis  own  numerous  instruments,  goes  on  to  say : — ''  The  easiest 
account  which  I  have  met  with  of  an  observation  of  ^  Division  in. 
SatumCs  Bing^  is  in  the  Phil,  Trans,  for  1666,  by  Mr.  Wm,  and 

n2 


186  Publications. '  [No.  25U 

Dr.  Ball,  on  October  13th,  1665^  at  6  o'clock,  with  a  very  good 
Telescope,  near  38  feet  long,  and  a  double  Eye-glass.  This 
observation  has  induced  the  supposition  that  Saturn  is  surrounded 
not  by  one  circular  body  or  ring  only,  but  by  two.^' 

Breen,  Smyth,  Hind,  and  others  seem  subsequently  to  have 
blindly  copied  or  followed  Kitchiner  in  this  misinterpretation  of 
Ball's  observation ;  and  it  was  not  until  1883,  when  Mr.  Lynn 
and  Mr.  0.  L.  Prince  thoroughly  investigated  the  origin  of  the 
misnomer,  "  Ball's  Division,"  that  it  was  shown  how  absolutely 
untenable  any  claim  to  its  detection  by  either  of  the  brothers- 
Ball  in  reality  was.  Yours  faithfully, 

Forest  Lodge,  Maresfield,  Uckfleld.  WiLLIAM  NoBLB. 

1897,  Feb.  16. 


PUBLICATIONS. 

GiLLiss*  Catalogue  or  Southbebt  Stabs.  Wabbisqtok 
Gbsbhtations  fob  1890,  Appectdix  I. — In  the  year  1849  an 
expedition  under  Captain  GiUiss  was  sent  by  the  authorities  of 
the  XJ.S.  Naval  Observatory  to  Santiago,  for  the  purpose,  among 
others,  of  making  a  catalogue  of  southern  circum polar  stars.  The^ 
actual  programme  was  to  make  at  least  three  observations  of 
every  ster  above  the  eighth  magnitude  situated  between  30°  and 
90°  of  south  declination;  but  as  this  proved  impracticable,  tho 
work  of  the  expedition  was  confined  to  stars  situated  within, 
25®  of  the  South  Pole,  while  at  the  same  time  the  limit  of 
magnitude  was  extended  to  what  the  observers  called  the  tenth 
magnitude.  The  instrument  used  was  a  Pistor  and  Martins 
meridian-circle  with  an  object-glass  of  4^  inches  aperture ;. 
reversible,  but  it  appears  that  the  observations  were  jdl  made 
with  the  instrument  in  the  same  position,  and  with  this  in  the 
years  1849  to  1852  the  observers  made  about  27,000  observations.. 
On  the  completion  of  the  observations,  Capt.  GiUiss  was  supplied 
with  a  staff  of  computers  for  the  reduction,  and  the  work 
was  pushed  on  by  him  with  some  rapidity ;  but  shortly  after  his 
death  in  1865  the  office  was  closed  and  the  papers  deposited  in  the 
XJ.S.  Naval  Observatory  for  safe  keeping.  For  twenty-five  years 
the  reduction  of  the  observations  was,  except  for  occasional 
spasmodic  efforts,  at  a  standstill,  until  in  1890  Prof.  S.  J.  Brown^ 
and  later  Prof .  Edgar  Prisby,  were  appointed  a  board  to  prepare 
these  observations  for  press  ;  and,  judging  from  their  preface  to  the 
Tolnme,  this  seems  to  have  been  no  light  task.  Many  discrepancies, 
mirtakes  in  the  earlier  work,  and  ill-advised  corrections  were 
bright  to  light  by  these  gentlemen ;  but  they  have  produced  a& 
ihi&Tesult  of  their  labours  a  catalogue  of  16,748  stars  with  their 
ptiices  reduced  to  1850*0  and  the  precession  in  both  elements  for 
^e  tame  date.  Since  it  appears, from  a  casual  glance  at  the 
<N>himii  giving  the  number  of  observations  that  about  half  the- 
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-«iars  have  not  been  observed  more  than  once,  and  comparatively 
few  more  than  twice,  and  after  reading  of  tlie  many  difficulties 
experienced  in  the  reduction,  it  can  scarcely  be  «aid  that  this 

<»talogue  is  a  valuable  contribution  to  accurate  astronomy* 

Studies  in  Sfhebioal  and  Peactioal  Astbokomy. — ^Prof.  G. 

Oomstock,  Director  of  the  Washburn  Observatory,  has  recently 

-published,  in  the  '  Bulletin  of  the  University  of  Wisconsin,*  vol.  i. 
no.  3,  a  series  of  short  astronomical  papers  under  the  above  title. 

'These,  the  author  says,  consist  of  an  exposition,  generally  original, 

-of  methods  for  the  treatment  of  certain  problems  in  spherical  and 
practical  astronomy,  which  he  has  found  advantageous  in  practice. 
As  the  characteristic  feature  of  these  methods  is  their  brevity,  we 
can  hardly  hope  to  make  short  abstracts  of  all  which  would  convey 
intelligible  ideas  to  our  readers,  but  the  following  extract  from  one 
of  the  papers,  which  describes  a  method  for  determining  the  angular 
equivalent  of  one  division  of  a  spirit-level  by  means  of  a  theodolito, 
may  be  taken  as  an  adequate  example : — 

"  Let  the  spirit-level  be  firmly  attached  to  a  theodolite  which  is 
thrown  out  of  level  so  that  its  vertical  axis  makes  an  angle  of  from 
.  1°  to  3°  with  the  true  vertical.  It  is  practically  convenient  to  so 
Attach  the  level  that  the  radius  of  curvature  drawn  through  the 
middle  point  of  its  scale  shall  be  approximately  parallel  to  the 
vertical  axis  of  the  theodolite,  i,  e.  the  level  shall  be  in  adjustment. 
As  the  theodolite  is  turned  about  its  vertical  axis,  the  level  bubble 
will  run  from  one  end  of  its  tube  to  the  other  and  back  again 
during  a  complete  revolution  of  the  instrument,  and  two  positions, 
two  readings  of  the  azimnth-circle,  may  be  found  in  which  the 
bubble  will  stand  near  the  middle  of  the  scale.  A  small  turning 
of  the  instrument  either  way  from  one  of  these  positions  will 
produce  a  corresponding  small  motion  of  the  bubble  in  its  tube, 
and  this  :turning  of  the  theodolite  and  resulting  motion  of  the 
bubble  may  be  made  to  furnish  not  only  the  value  of  a  division  of 
the  level,  but  also  a  test  of  the  uniformity  of  its  curvature. 

**  To  determine  the  relation  between  the  readings  of  the  azimiith- 
circle  of  the  theodolite  and  the  readings  of  the  level  bubble  upon 

its  scale,  let  the  accompanying  figure  represent 

a  portion  of  the  celestial  sphere  adjacent  to 

the  zenith  Z,  and  let  Y  and  S  be  the  points 

in  which  the  axis  of  the  theodolite  and  the 

line  drawn  from  the  centre  of  curvature  of 

the  level  tube  through  the  middle  of  the 

bubble  respectively  intersect  the  sphere.    The 

arc  SV  is  the  intersection  with  the  celestial 
.  sphere  of  a  plane  passing  through  S,  V,  and 

the  centre  of  curvature  of  the  level  tube,  and 

•  if  the  adjustment  of  the  level  above  referred 
to  is  approximately  made  T8  may  be  con- 

•  isidered  as  the  intersection  with  the  sphere  of  the  plane  in  which 
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the  curvature  of  the  level  tube  lies,  so  that  as  the  bubble  moves  in 
its  tube,  its  successive  positions  when  projected  upon  the  sphere 
will  lie  along  YS  (the  angle  t  varies  with  the  reading  of  the 
asimuth-circle),  and  any  position  may  be  identified  by  its  distance 
from  V,  represented  in  the  figure  by  p.  Since  the  bubble  always 
stands  at  the  highest  part  of  the  tube,  its  position  S  and  the 
corresponding  value  of  p  are  found  by  letting  fall  a  perpendicular 
from  the  aenith  upon  the  arc  YS,  and  in  the  right-angled  spherical 
triangle  thus  formed  we  have  the  relation  tan  j>=tan  y  cos  ^,  where 
y,  as  it  appears  from  the  figure,  is  the  angle  by  which  the  axis  of 
the  theodolite  is  deflected  from  the  true  vertical." 

It  may  be  readily  seen  from  this  formula  how  the  difference^ 
between  the  bubble  readings  in  two  positions  of  the  theodolite  can 
be  expressed  by  their  equivalent  difference  of  arc  read  on  the^ 
asimuth-circle.  One  constant  of  the  instrument,  viz.,  the  reading- 
of  the  azimuth-circle  when  the  bubble  is  actually  level,  can  be 
determined  from  the  &ct  that  there  are  pairs  of  positions  which 
give  the  «ame  bubble-reading.  The  mean  of  any  pair  is  the  zero- 
reading  sought  for.  The  other  constant,  viz.,  the  quantity  y,  can 
be  determined  by  means  of  the  vertical  circle  and  a  distant 
ol^ect  for  observation. 

Another  of  Prof.  Gomstock's  papers,  on  the  simplification  of 
the  formula  for  atmospheric  refraction^  we  venture  to  put  in  our 
own  words. 

In  Bessel's  expression 

E  «  a/3  V  *an  «> 

the  factors  /3,  y,  tan  z  are  left  unaltered  {fi  being  the  height  of  the 
barometer  corrected  for  temperature,  y  being  inversely  propor- 
tional to  the  temperature  redkoned  from  the  absolute  zero) :  the 
remaining  factors  being  denoted  by  C  •  E,  where  C  is  a  constant,, 
we  have 

log  C  -h  log  F  =  log  a  +  (A-i)log  /3  +  (X-i)log  y, 

or,  with  a  suitable  value  for  C, 

log  F  =  log  a/ao  +  (A- 1)  log  /J  -f  (X- 1) log  y/y^, 

*o»  "Vo  being  the  values  of  a,  y  corresponding  respectively  to  zero- 
zenith  distance,  and  a  convenient  value  of  the  temperature. 
Log  a/ag  and  X  —  i  may  be  treated  as  proportional  to  tan*  2, 
log  y/y^  to  the  difference  between  the  actual  temperature  and  the- 
above-assumed  convenient  value.  A  —  i  is  considered  negligible. 
We  have  therefore, 

E«C.Fi3ytan^, 

log  F  =  (/I  +  y  .  T)tan«2r, 

^,  V  heing  small  negative  constants,  and  T  the  temperature.  For 
zenith  distances  less  than  75%  no  sensible  error  is  introduced. 

The  above  two  examples  are  ingenious,  and  show  the  style  of 
these  papers.  There  are  others  on  correcting  the  Sun^s  declinatioa 
for  refraction,  on  the  determination  of  flexure  and  inequality  of 
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piyots  of  a  *^  broken  "  traneity  and  on  the  determination  of  Time 
or  Azimuth  from  transits  over  the  vertical  of  the  Pole  Star,  all  of 
"which  are  interesting  and  appeal  more  especially  to  those  engaged 
on  lougitade  and  survey  worlL 

AiWALS  OP  THE  Stbasbfrg  Obsebvatobt,  Vol.  I. — ^In  1872, 
soon  after  the  Province  of  Strasbuig  had  become  part  of  the 
German  Empire,  Elisor  Wilhelm  I.  determined  to  attach  an 
observatory  to  the  university  of  that  place.  Dr.  F.  A.  "Winnecke 
was  appointed  Director,  and  the  building,  begun  in  1877,  was 
completed  in  1882.  The  first  volume,  wludh  is  ispued  by 
Dr.  Becker  the  present  Director,  gives  a  description  of  the 
btiJI<fing,  with  a  picture  showing  it  to  be  a  structure  quite  entitled 
to  the  epithet  "Eoyal,"  and  details  of  the  instruments.  The 
observations  given  in  the  volume  are  the  results  of  the  <laily  work 
with  the  Bepsold  meridian-circle  from  1882  to  1886,  the  right 
ascensions  and  declinations  being  given  on  the  same  page.  There 
are  also  added  a  few  pages  of  meteorological  observations  in  the 
years  1873-1879. 


NOTES. 

Comet  Notes. — ^M.  Bistenpart  has  computed  new  elliptical 
elements  of  Comet  g  1896  (Perrine,  Dec.  8),  making  use  of  27 
observations  made  in  December  and  January  (Ast.  Nach.  3402) : — 

T  =  1896  Nov.  24*-6567  Berlin  M.T. 

« 163°  53'  30"  I 

^  ....... .     246    34  :^6  y  i897"o 

i    ; . .       13    40   26  J 

0 42    47    17 

log  .......         9*832054 

log  2^ 0-045405 

/^   55o"'9oi 

a    3'46i7 

Period  ....         6^-441 

The  comet  cannot  be  actually  identical  with  that  of  Biela,  but 
the  two  may  very  probably  be  both  fragments  of  a  single  original 
comet.  This  partition  may  possibly  have  taken  place  in  1845, 
when  Biela's  comet  is  known  to  have  split  into  at  least  two 
fragments ;  but  a  more  accurate  knowledge  of  the  period  of  the 
new  comet  is  required  before  this  question  can  be  decided  with 
certainty. 

The  following  ephemeris  is  for  Berlin  midnight : — 


Mar. 


R.A. 

N.Deo. 

B.A 

UDec 

h     m      8 

0       1 

'h    m     '8 

0        ; 

4 6   22   ^Z 

3  31 

Mar.    20 ... . 

6  54  38 

4  39 

8, . . .   6  30  46 

3  51 

24*  t . • 

7    2  «3 

4  SI 

12.. ..   6  38  50 

4    9 

28 

7  10     I 

S     a 

16.. . .   6  46  47 

4  25 

April     I . . . . 

7  17  33 

5  «f 
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Ast.  Nach.  3401  coDtains  some  further  researches  by  H.  J. 
Zwiess  on  the  orbit  of  Comet  Holmes  (1892  III.).  His  previous 
elements  are^  however,  very  slightly  modified  :  he  determines  that 
the  comet  will  next  be  in  perihelion  1899  April  27*675,  which 
only  differs  by  7  hours  from  his  previous  determination. 

The  'English  Mechanic*  for  Jan.  15  contains  a  letter  from 
Mr.  Swift,  in  which  he  gives  some  further  details  concerning  the 
two  objects  seen  by  him  in  the  neighbourhood  of  the  Sun  on 
Sept.  20  and  21  last.  He  reiterates  his  conviction  of  their 
cometary  nature* 

The  *  Bulletin  Astronomique '  for  January  contains  elements 
and  ephemerides  for  Comets  Tempel-Swift  (1869  ni.-i88o  IV.) 
and  d' Arrest,  both  of  which  pass  perihelion  this  year.  These  are 
by  MM.  J.  Bossert  and  G.  Leveau.  Perturbations  have  been 
applied  in  the  £rst  but  not  in  the  second.  There  is  little  chance  of 
seeing  Comet  Tempel-Swift  this  year,  for  even  when  brightest  (on 
May  31)  it  will  only  be  ^  as  bright  as  when  last  seen  in  1892. 
D'Arresfs  Comet,  on  the  other  band,  when  at  its  brightest  (on 
June  2),  will  be  twice  as  bright  as  when  last  seen  in  1890;  its 
visibility  this  year  is  therefore  quite  probable. 


Tempe] 

USwift 

d' Arrest. 

Epoch . . 

1897  June  8  Paris  M.T. 

1897  Jan.  I '5  Paris  M.T. 

T    .... 

1897,  June  4'*' 

739 

1897  May  21*7 

TT 

43°  26'  41" 

' 

319°  26' 

8    .... 

296     27    10 

►  i9oo'o. 

146    21 

^  1897- 

0. 

i  . .  : . . . 

s  23  25 

. 

15    43. 

* • 

40    42    37 

38    51 

Ephemeris  for 

Tempel-Swift. 

RA. 

N.  Dec. 

B.A. 

N.  Deo. 

h    m     8 

0      i 

h    m      8 

r 
0 

Apr.  29. 

...    I   13  49 

IP  54 

June  8. . . .  3  59  23 

23     19 

May   9. 

. ..    I   52  13 

14  40 

18. . . .  4  43  40 

24    46 

19. 

. ..    2  32  52 

18     8 

28. ...   5  27  17 

25     24 

29. 

. ..   3  15  28 

21     4 

July    8. ...   6     9  13 

25  ^5 

Ephemeris  f 

or  d'Arrest. 

1 

BjL 

Dec. 

R.A 

Dec. 

h     m     8 

0      ' 

h     m      8 

0      i 

Mar.    6. 

.    19  40   13 

10  12  S. 

May  25..  0  15  10 

2  38  N. 

16. 

.    20   12  37 

9     8 

June    4. .  0  48  51 

4     4 

26. 

.    20  46     0 

7  47 

14..   I  21  16 

S  12 

Apr.    5. 

.    21   20   13 

6  13 

24. .   I  52     8 

6     2 

15- 

.    21    55      0 

4  29 

July    4 . ,   2  2 1     8 

6  32 

25- 

.     22    30    13 

2  38 

14..   2  48     I 

6  41 

May    5. 

.23    s  32 

0  47  S. 

24..  3  12  31 

6  30 

15. 

.  2Z  40  37 

I     oN. 

Aug.    3..   z  Z^ 

^  23 

S  59  N. 

Ast.  Nach.  3402  contains  the  following  ephemeris  of  Comet 
1889  V.  (Brooks)  for-  Berlin  midnight.  The  brightness  on 
Macch  8  is  only,  one-fifth  of  that  at  rediscovery : —     .  . 


3W[ar.  1897.J 
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B.A. 

h    m      8 

^eb.  28.  •• .  I  43  50 
Jklar.    4..  .•  I  51  52 


N.Deo. 

o  < 

13  26 

14  15 


Mar.    8. 
12. 


B.A.  N.  Dee. 

h    m     8  o 

••   I  59  57       15     3 
••285       15  50 

A.  C.  D.  C. 


Mtntob  Plaitbt  Noibs. — ^The  following  planets  have  received 
permanent  numbers : — 


CV  (Wolf,  1896  Sept.  3). .  418 

OW  419 

OY    : 420 


CZ     421 

DA  (Witt,  1896  Oct.  8)  . .  422 


CTJ,  CX  do  not  receive  permanent  numbers,  not  haying  been 
(ufficientlj  observed. 

The  following  planets  have  been  named : — 

412 ... .     Elizabetha.  420 ....     Bertholda. 

413 ....     Edburga. 


421 


Zahringia. 
A.  C.  D.  C. 


The  Vabiation  op  Latitttdb. — In  our  number  of  1895,  March, 
•we  republished  from  the  '  Astronomical  Journal  *  Dr.  Chandler^s 
most  recent  formulsB  for  determining  the  variation  of  latitude  at 
^ny  place,  and  a  diagram  which  exhibited  this  for  any  epoch 
during  the  period  from  1890*0  to  1895*5.  In  a  recent  number  of 
"the  A.  J.,  No.  392,  he  publishes  a  table  giving  data  sufficient  to 
compute  the  variations  for  the  present  year.  If  ^  be  the  actual 
Jbititude,  and  ^^  the  mean  latitude  of  a  place  in  longitude  \  west  of 
Oreenwich,  the  variation  at  any  time  is  given  by  0— 0o=a?sin  Z— 
J/  cos  ly  where  x  and  y  are  taken  from  the  following  table : — 


1897. 

X, 

y- 

1897. 

X. 

y- 

Jan.      4 

+c 

/'•019 

+0' 

'•159 

July    23 

~0"*025 

-o"-i93 

24 

•093 

•174 

Aug.  12 

•lOI 

•209 

Peb.    13 

•157 

•171 

Sept.     I 

•166 

•204 

Mar.     5 

•208 

•154 

21 

•215 

•178 

25 

•237 

•117 

Oct.    II 

'242 

'T^ZZ 

April  14 

•244 

•067 

31 

•244 

•073 

May     4 

•226 

+  0 

•009 

Nov.  20 

•223 

—  0  '006 

24 

•186 

—  0 

•053 

Dec.   10 

•178 

+0  *o65 

June  13 

•126 

•no 

30 

•"5 

+    -128 

July     3 

+ 

•054 

—  0 

•159 

50 

— 0  '042 

+0  -182 

It  may  be  remembered  that  the  quantities  x  and  y  are  the  co- 
ordinates of  the  pole  of  figure  with  respect  to  the  pole  of  rotation 
as  origin,  the  positive  direction  of  the  axis  of  y  passing  through 
Greenwich. 

Dr.  Chandler's  f ormul®  are  based  on  observations  made  previous 
to  1894*0,  and  therefore  a  comparison  of  the  observations  of 
latitude  made  since  that  date  with  the  latitude  computed  by  his 
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fonamiM  sappliee  a  test  of  the  M\'4iia<'^  of  the  latter.    "  Such  a 
eomptiisotQi,  ufiiiig  a  normal  oibserred  Benes  of  ^ — f^  fifty  days 
apart  from  1^94*0  to  i-896'5,  baaed  on  the  combined  observationa 
bj  Taieoftt^B  method  at  fire  £aiopeaa  e8tarion«,  gives  an  «Teiage 
difiewDae,  withoat  regard  to  sign,  of  only  +o"*o4i ;    which  is 
sensibly  not  greater  than  the  uneotainty  of  the  observed  points 
tfaemseivea."      Dr.  Chandler  then  goes  on  to  promise  a  paper 
shortly  on  the  accuracy  of  his  formuls,  and  adds :   **  I  permit 
myself  to  mention  here  that  a  discnsedon  of  the  whole  series  of 
observations  from  1889  to  1896*5  demonstrates  that  the  radios- 
r,9  of  the  428-day  revolution  has  been  diminishing  in  acoordano 
with  the  law  of  equation  (52)  announced  in  A.  J.  322,  and  indeed, 
at  a  slightJy  greats  rate.    It  is  now  only  o"*i2,  whereas  at  thi» 
beginning  of  the  decade  it  was  o"*i9.'' 

Ths  BoTATioir  OF  Jupiter. — ^Frof.  Ondemans  oommunicates  to 
Ast.  Nach.  no.  3401  the  results  of  some  observations  of  the  spots 
on  Jupiter  made  with  the  Utrecht  refractor  of  26  cm.  aperture  by 
M.  Nyland,  to  determine  the  rotation  period  in  different  Jovian 
latitudes.  The  results  of  the  observations  are  given  (we  omit 
details  of  the  dates  of  the  observations,  but  the  results  refer  to 
epochs  in  the  first  three  months  of  1896)  in  the  following  table : — 


Latitude. 

Sotation  period. 

Latitude. 

Botation  period. 

0 
-33 

h  m    8 
9  56  »4-5 

0 
—  10 

h  m    8 
9  55     7*8 

-27 

55  44*3 

-  9 

55  »57 

-15 

55     i» 

+  117 

55  30-9 

-irs 

54  599 

+  I2*0 

55  34*3 

—  II 

55    9*3 

+a3-5 

56     1-6 

+28 

56    0-3 

The  result  given  second  in  the  table  is  from  observation  of  the 
red  spot. 

The  Companions  or  Sieius  and  Peooxon. — Some  recent 
observations  by  Prof.  Schaeberle,  given  in  the  *  A.  J.,'  No.  394, 
are  as  follows : — 


Sinus 


• « « • 


Procy< 


Date. 
1896*824 
1896-830 
1896*849 
1897-025 

1896-868 
1896*871 
1896*966 

i897'oa5 


Po8.-ang. 

i88°-3 
190  •© 
188-3 
189-4 

318 '8 
320  '4 

319*3 
322  '3 


Dist. 

3  '65 
3  -85 

3  72 

4-58 

4  '58 
4-89 

4  '62 
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Ite.  SsB  is  working  energetically  at  the  discoTerj  of  double 
stars  at  Mexico  City,  and  evidently  means  to  make  the  most  of 
the  wide  unexplored  regions  of  the  southern  sky. 

Here  are  some  of  his  finds. 

a  Phcenicis,  13th  mag 265°  and  i" 

fr  FhoBuicis,  13th  mag 255  6 

fi  Velonim,  nth  mag 60  2  '5 

ly  Centauri,  i3'5  mag 270  8 

/3  Lupi,  mags.  3  and  3-5   90  0-25 

He  also  finds  that  ^  3683  has  a  rapid  motion  and  has  performed 
i§  revolutions  since  Herschel  observed  it.  This  star  ought  to  be 
attended  to, 

A  Star-Atlas  *. — ^Messrs.  Gunn  and  Co.,  of  New  York,  have 
sent  lis  a  copy  of  a  recently  published  star-atlas  by  Prof.  Winslow 
TJpton  of  Brown  University,  of  which  we  can  speak  in  praise.  This 
is  designed  for  educational  purposes,  and  is  therefore  of  small  size, 
8^  by  14  inches,  which  makes  it  handy  for  the  study  table.  It 
contains  six  maps,  two  showing  respectively  the  northern  and 
southern  circumpolar  constellations  as  far  as  40°  from  the  poles, 
and  the  intermediate  zone  from  -  40°  to  -1-40°  is  divided  into  four 
and  shown  on  the  other  maps.  On  these,  as  the  work  is  intended 
for  the  use  of  teachers,  the  ancient  figures  which  give  their  names 
to  the  constellations  are  shown  in  faint  outline.  Besides  the  six 
maps  just  described,  these  are  also  reproduced  on  a  smaller  scale, 
with  only  the  brighter  stars  shown  and  these  joined  by  lines, 
which  seems  to  us  to  be  a  good  aid  to  learning  the  constellations 
by  sight.  The  introductory  text  gives  a  considerable  amount  of 
information  about  the  nomenclature  of  stars  and  the  constellations 
and  also  convenient  lists  of  variable  and  double  stars.  Anyone 
baying  his  first  telescope  might  do  worse  than  to  buy  this  book 
with  it.  

The  effect  of  this  Diamond  Jubilee  year  is  making  itself  felt 
even  in  astronomy.  In  the  February  number  of  '  Mowledge*^ 
Miss  Gierke  has  written  one  of  her  admirable  historical  essays  on 
the  progress  of  astronomy  during  the  reign  of  Her  Majesty, 
illustrated  by  pictures  of  Airy,  Adams,  and  Sir  John  Herschel,  and 
of  the  typical  equatorial  telescope  of  1837,  in  contrast  with  the 
elaborate  eye -end  of  the  Lick  telescope.  In  reading  the  article  one 
is  at  first  struck  with  the  fact  that  the  progress  of  the  science  has 
been  almost  wholly  in  spectroscopy,  and  in  what  is  known  now  as 
physical  astronomy ;  but  on  further  consideration  one  notices  that 
little  mention  is  made  of  such  things  as  the  geometry  of  the  solar 
spots,  the  variation  of  latitude,  and  other  researches  in  geo^ 
metrical  astronomy,  which,  though  equally  meritorious,  are  not  so 
sensational  and  do  not  make  such  an  effect  on  the  popular  mind  as 
the  discovery  of  a  comet  or  the  photograph  of  a  nebula.    Even  the 

*  Star-Atlas  containing  stars  visible  to  the  naked  eye,  and  clusters,  &c^, 
visible  in  small  telescopes,  and  an  explanatory  text  by  Winslow  TJpton,  AM. 
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circumstances  of  the  discovery  of  Neptune  make  a  very  poor  show 
in  a  magazine  article  now-a-days. 

Weittng  of  physical  astronomy  reminds  us  of  an  address 
delivered  by  Prof.  Mendenhall  before  the  Philosophical  Society 
of  Washington  when  he  retired  from  the  Presidential  chair  in 
1892,  January.  This  addresa,  entitled,  "On  the  Uncertainty  of 
Conclusions,"  has  lately  been  published  in  vol.  xii.  of  the  Society's 
transactions  and  is  full  of  interest.  Speaking  of  the  exactness  of 
the  conclusions  of  astronomy,  he  pointed  out  that  this  same 
^exactness  resulted  from  the  fact,  not  that  the  logic  of  the 
astronomer  was  simpler  than  that  of  anyone  engaged  in  any  other 
science,  but  rather  that  the  premises  were  simpler ;  in  fact,  they 
deal  only  with  one  property  of  matter,  namely,  its  attractive  power ; 
but  he  went  on  to  say :  "  Within  the  last  twenty-five  years, 
however,  the  splendid  discovery  of  spectroscopy,  aided  by  great 
improvements  in  photography,  has  given  rise  to  a  new  astronomy 
tnown  as  physical,  as  distinguished  from  gravitational  astronomy. 
The  new  science  deals  with  a  matter  of  many  properties,  some  of 
which  are  but  little  understood.  While  its  conclusions  are  of 
vital  importance  and  of  intense  interest,  they  result  from  deduc- 
tions in  which  the  premises  are  insufficient  and  are  proportionately 
uncertain.  The  new  astronomy  must  for  a  long  time  abound  in 
contradictions  and  controversies  until,  and  largely  through  its 
development,  we  shall  possess  a  knowledge  of  the  properties  of 
matter  when  subjected  to  conditions  differing  enormously  from 
those  which  we  are  now  quite  familiar.  Because  one  astronomer 
declares  that  the  temperature  of  the  Sun  is  20,000°  P.,  and 
another,  equally  honest  and  capable,  says  that  it  is  not  less  than 
50,000,000°  P.,  it  must  not  be  inferred,  and  it  never  is  except  by 
the  superficial,  that  the  whole  science  of  solar  energy  is  a  tissue 
of  falsehoods,  and  that  those  engaged  in  its  development  are 
planning  an  imposition  upon  the  general  pubhc.  Even  such 
widely  varying  results  as  these  may  be  based  on  observations  that 
are  entirely  correct  and  experiments  that  are  beyond  criticism. 
The  discussion  of  the  results  obtained  by  observation  and  experi- 
ment may  follow  in  both  cases  the  very  best  models,  and  yet  the 
conclusions  may  be  erroneous  and  contradictory  owing  to  the 
insufficiency  of  data  in  the  beginning." 

Wbathbe  Chaeactbristics  of  1896. — Brief  remarks  on  the 
leading  features  of  the  weather  in  London  in  the  past  year  have 
appeared  in  the  *  Observatory' from  time  to  time  as  occasion 
required,  and  it  may  now  be  sufficient  to  advert  to  a  few  of  the 
fialient  points  which  have  not  hitherto  been  touched  upon.  The 
monthly  mean  temperatures,  as  determined  at  the  Eoyal  Obser- 
vatory, Greenwich,  from  January  to  July,  were  all  in  excess,  as 
/compared  with  the  50  years'  averages,  to  the  mean  amount  of  2*^*4, 
■whilst  the  remaining  months  were  usually  below  average  values 
ty  small  amounts.     The  mean  annual  temperature  was  50°*  i,  being 
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o°-7  above  the  average.    Rain  fell  on  i6i  days,  which  is  about  an 
average  number,  whilst  the  year's  rainfall,  22*42  inches,  is  only 
2-12  inches  below  its  corresponding  average,  the  liberal  downpour 
in  September  amply  compensating  for  the  droughts  which  marked 
the  earlier  part  of  the  year.    In  the  20  years  187 7-1 896  there  is 
a   total  deficiency  of  rainfall,  as   compared  with   the  average, 
amounting  to  rather  more  than  5  inches.    With  regard  to  the 
wind, — a  preponderance  of  winds   from  N.  and  K.E.  was   ex- 
perienced in  May,  of  N.  again  in  August,  and  of  N.E.  in  November, 
\vhilst  the  S.W.  wind  preponderated  in   March,  September,  and 
October  and  was  almost  entirely  absent  in  May.     In  the  year  the 
N.  wind  prevailed  on  64  days  and  the  W.  wind  on  61  days,  and 
these  numbers  are  respectively  21   days  and   18  days  above  the 
nsual  degrees  of  prevalence.    The  S.W.  wind  with  88  days  and 
"the  S.  wind  with  28  days  are,  on  the  contrary,  respectively  17  and 
1 3  days  below  the  average  amounts.  W.  C.  N. 

Peop.  GiovAinn  V.  Schiaparelli,  the  Director  of  the  Eoy al  Brera 
Observatory  in  Milan,  has  been  recently  elected  a  Foreign  Member 
of  the  Boyal  Society.    Prof.  Schiaparelli's  list  of  work  is  pro- 
"bably  known  to  every  astronomer,  but  it  may  not  be  out  of  place 
to  recapitulate  it  here.    His  earlier  papers,  published  about  the 
jear  1867,  were  on  the  subject  of  meteors  and  comets.    "  The 
Itelation  that  exists  between  Comets  and  Shooting-stars,"  "On 
the  Origin  of  Shooting-stars,"  **  On  the  Origin  of  the  J^ovember 
Meteors,"  appeared  in  the  *  Astronomische  Nachrichten.'    He  has 
more  recently  devoted  himself  to  observation  of  the  features  of  the 
surface  of  the  planets,  and  was  the  first  to  see  the  so-called  canals 
on  Mars.    From  his  observations  of  Venus,  he  deduced  that  the 
time  of  the  planet's  rotation  was  about  225  days,  thus  agreeing 
with  the  period  of  her  rotation  round  the  Sun,  which  contradicted 
for  the  first  time  the  period  of  about  a  day  which  had  held  its- 
place  since  the  time  of  the  younger  Cassini.    Schiaparelli's  period 
has  since  been  confirmed  by  other  observers,  and  is  now  probably 
considered  to  be  entitled  to  as  much  weight  as  the  shorter  period 
by  the  majority  of  astronomers.    He  has  deduced  similarly  for 
Mercury  a  period  of  88  days,  agreeing  with  the  sidereal  period. 

Some  Asthowomicai  Pbizes. — In  connection  with  the  Exhibi- 
tion to  be  held  in  Brussels  this  year,  the  Belgian  Government 
offer  money  prizes  (the  first  three  are  of  the  value  of  900  francs, 
600  francs,  and  500  francs  respectively)  for  the  solution  of  certain 
problems  in  astronomy.  The  subjects  of  the  problems  (these  are 
accurately  given  in  '  Nature '  of  Feb.  18)  include  the  following : — 
The  value  of  ^,  the  cause  of  the  Martian  canals,  the  photography 
of  planetary  details,  the  motion  of  the  solar  system,  the  variation 
of  latitude,  the  secular  acceleration  of  the  Moon,  and  a  method  for 
observing  the  corona  without  an  eclipse.  If  this  pecuniary  reward 
does  induce  anyone  to  solve  this  last  problem,  or  in  fact  any  of  the- 
others,  we  think  the  money  will  be  well  spent. 
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The  Boyal  Meteorological  Society  proposes  to  commemorate  the 
Diamond  Jubilee  by  an  exhibition  of  meteorological  instruments 
in  use  in  1837  and  in  1897,  and  of  diagrams,  drawings,  and 
photographs  ilhistrative  thereof.  The  exhibition  will  be  held  at 
the  Institution  of  Civil  Engineers  from  March  i6th  to  19th. 

We  call  the  attention  of  any  astronomer  who  is  thinking  of 
settling  himself  in  a  new  abode,  to  the  :^t  that  the  observatory  of 
the  late  Mr.  George  Hunt  is  going  begging.  Or  rather  that  to 
anyone  who  will  buy  her  house,  Mrs.  Hunt  will  present  the 
observatory.  An  announcement  will  be  found  in  our  advertisement 
pages. 

M.  Gaillot  has  been  appointed  Sous-Directeur  of  the  Paris 
Observatory  in  succession  to  M.  Loewy,  who  is  now  Director. 


From  an  Oxford  Note-Book. 

Just  as  we  were  going  to  press  a  month  ago,  a  telegram  was 
received  from  Professor  E.  E.  Barnard,  announcing  that  he  bad 
started  in  the  *  Trave '  from  New  York  for  Southampton.  The 
*  Trave '  was  expected  on  Tuesday,  February  9,  and  we  felt  justified 
in  announcing  that  the  Gold  Medallist  of  the  year  would  honour 
the  Eoyal  Astronomical  Society  by  appearing  in  person  to  receive 
the  Medal  on  Friday,  February  12  ;  and  we  all  prepared  a  hearty 
welcome  for  one  who  showed  so  keen  an  appreciation  of  this 
recognition  as  to  cross  the  Atlantic  in  the  winter  in  order  to  be 
present  on  the  great  occasion.  But  alas!  we  reckoned  without 
that  same  wintry  Atlantic.  On  Friday  morning  nothing  had  been 
heard  of  the  *  Trave,'  and  the  North-Gterman-Lloyd  people  could 
only  surmise  that  the  weather  had  been  very  rough,  or  that  the 
dense  fog  off  the  Needles  was  keeping  her  from  getting  in  to 
Southampton.  This  state  of  suspense  naturally  took  the  keen 
edge  off  the  meeting  and  the  dinner  which  followed  it,  though  a 
very  pleasant  evening  was  passed.  The  unsatisfactory  nature  of 
the  situation  was  emphasized  by  the  receipt  of  a  kindly  telegram 
from  Dr.  Oudemans,  addressed  jointly  to  the  Society  and  to 
Professor  Barnard,  to  which  we  had  not  the  heart  to  reply  at  the 
time. 


FoETTJKATBLT  our  suspcnse  was  not  prolonged  much  farther. 
Our  Medallist  arrived  at  Southampton  early  next  morning,  and 
was  at  Burlington  House  by  10.30  a.m.  on  Saturday.  He  had 
not  enjoyed  himself,  and  was  clearly  ready  to  appreciate  a  little 
rest  and  quiet.  We  were  sorry  to  learn  that  he  could  not  stay 
until  March  12  ;  and  as  there  may  be  many  who  would  like  to  see 
him,  an  informal  meeting  of  the  E.A.S.  has  been  arranged  for 
Tuesday,  March  2,  at  4.30  p.m.,  with  a  dinner,  as  nearly  as  possible 
like  that  of  February  12,  to  follow. 
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"  If  there  are  any  new  Fellows  present,  now  is  the  time  to  be 

admitted."    This  announcement  is  made  at  each  Meeting  of  the 

S.  Ast.  Soc.,  and  one  or  two  usually  advance  to  the  President's 

table  to  grasp  the  right  hand  of  Fellowship.    It  is  an  agitating 

moment,  and  probably  few,  if  any,  of  these  ever  notice  a  bruise  on 

the  corner  of  the  table  to  which  they  advance.    This  bruise  is 

historical.    It  was  made  by  Dr.  Gj-ilPs  heliometer  when  it  came 

down  with  a  crash  ten  days  before  it  was  to  be  taken  to  Ascension 

to  observe  the  Opposition  of  Mars  in  1877.     The  story  of  the 

cruel  catastrophe  is  told  in  Mrs.  Gill's  charming  book,  *  Six  Months 

in  Ascension '  (John  Murray,  1878)  : — 

"  The  iDstrument  had  noTor  been  used  in  so  low  a  latitude  as  Asoendon,  and 
it  was  necessarj  to  test  it  carefully  in  order  to  ascertain  whether  it  would 
perform  its  functions  well  under  the  untried  circumstances. 

•*  Considerable  interest  in  the  expedition  having  been  shown  by  Members  of 

'the  Boyal  Astronomical  Society,  it  was  thought  best  to  erect  the  instrument  in 

libeir  rooms  at  Burlington  House,  where  the  necessary  trials  could  be  made, 

cind  that  the  instrument  might  afterwards  be  exhibited  and  explained  at  one  of 

the  evening  meetings.    The  heliometer  was  duly  erected  and  all  had  been 

l>rought  nearly  into  the  same  condition  of  affairs  as  would  be  required  at 

Ascension.    David  was  applying  a  level  to  an  inclined  piece  of  wood  cut  to  the 

-angle  of  the  latitude  of  Ascension,  and  was  directing  the  workmen  to  give  a 

^tuJ  motion  to  the  screw  by  which  the  inclination  of  the  axis  is  changed,  when 

fiUp !  the  screw  gave  out,  the  overhanging  weight  of  the  Heliometer  and  its 

-counterpoises  tore  the  lower  end  of  the  cradle  from  his  hand,  and,  tilting 

upwards,  the  polar  axis,  counterpoise,  weights,  and  Heliometer  tube,  in  all 

several  cwt.,  came  down  crash  from  a  height  of  7  or  8  feet  upon  the  floor. 

**  Imagine  the  astronomer*8  feelings  as  he  saw  the  Heliometer  of  all  his  hopes 
light  upon  its  delicate  eye-end ;  that  eye-end  driven  through  the  floor  and 
elowly  torn  off  as  the  whole  mass  gradually  turned  round,  smashing  and 
crashing  the  more  delicate  rods,  handles,  and  other  attachments  to  the  tube, 
and  finally  squashing  one  of  the  copper  caps  which  protect  the  ends  of  the 
fllides  from  dust.'' 


Bx  dint  of  great  exertions  the  heh'ometer  was  repaired  in  time 
and  the  situation  sajed.  As  Mrs.  G-ill  remarks,  had  the  precaution 
of  setting  up  the  instrument  in  England  not  been  adopted,  the 
accident  might  have  happened  in  Ascension,  when  nothing  could 
have  been  done.  I  wonder  whether  accounts  of  accidents  to 
scientific  expeditions  would  make  an  interesting  collection  ?  It 
falls  to  Dr.  Gill's  lot  to  mention  a  more  serious  accident  in  the 
introduction  to  the  recently-published  'Seport  on  the  Geodetic 
Survey  of  South  Africa,  1894.'  As  many  of  our  readers  may  not 
have  seen  this  work,  I  extract  verbatim : — 

"  Nothing  further  was  done  in  South  Africa  in  the  way  of  Geodetic  Survey, 
or  even  of  extensive  accurate  triangulation,  till  1859,  when  a  triangulation  of 
the  south-eastern  part  of  the  Cape  Colony  was  undertaken,  pardy  for  the 
purpose  of  formine  reference  points  to  correct  the  then  very  inaccurate  and 
defective  state  of  the  charts  of  the  coast,  and  partly  to  afford  means  of  better 
connecting  the  detached  property  surveys  throughout  that  part  of  the  Colony. 
^e  work  was  entnuted  to  Capt.  Bailey,  E.E.,  aided  by  one  sergeant  and  13 
rank  and  file  of  the  Il.£.»  five  of  whom  were  selected  from  die  Ordnance 
Survey  of  England.  The  cost  of  this  work  was  borne  by  the  colony.  When 
in  1862  the  work  was  completed,  the  survey  party  embarked  at  Algoa  Bay 
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en  route  for  England  in  the  coasting-steamer  *  Waldensian/  The  vessel  struck 
upon  the  rocks  off  Struy's  Point  and  became  a  total  wreck*  On  board  were 
the  instruments,  drawings,  original  observation-books,  and  sheets  with  full' 
abstracts,  calculation-books  of  every  kind,  all  complete  in  every  respect. 
These  were  all  lost  and  have  never  been  recovered.  '  Fortunately  copies 
of  *  abstracts  of  angles  *  had  been  supplied  to  the  Admiralty  Surveyor  en* 
gaged  on  the  coast  survey,  other  abstracts  of  angles  with  a  diagram  to  the 
Surveyor-General  in  Cape  Town ;  abstracts  of  angles  and  certified  copies  of  the 
original  observations  for  1 7  stations  had  also  been  sent  to  the  Government  oT 
British  Kaffraria,  and  from  these  and  sundry  copies  and  abstracts  sent  to  private- 
individuals  or  surveyors,  an  account  of  the  work  was  compiled  by  Odpt.  Bailey 
and  printed  in  a  report  presented  to  the  Cape  Parliament  in  1863." 


Talking  of  expeditions  reminds  me  that  the  marks  of  the 
recent  eclipse  expedition  are  not  easily  shaken  ofE  completely^ 
Among  the  properties  which  cling  to  one  the  baggage-labels  ara 
perhaps  the  most  persistent.  I  have  not  taken  any  very  strong 
measures  to  remove  them  from  my  Gladstone-bag,  and  so  they 
remain  there  and  occasionally  excite  remark.  The  other  day  they 
produced  a  monologue  of  some  length,  to  the  following  effect  r 
"  Been  travelling  lately  ?    Not  lately  ?    Ah  !  I  was  in  Paris  a 

week  ago.     Paris  is  getting  very  gay.    Now  there's  the  Cafe ^ 

Funny  performance  that  is.  There  are  no  lights,  and  the  whole- 
place  is  like  a  funeral.  You  are  given  a  place  near  a  coffin,  and 
pay  65  cents  for  a  drink  and  a  small  taper.  Then  when  enough 
people  assemble  you  are  taken,  into  a  small  theatre,  where  there  i^ 
a  coffin  standing  upright.  They  get  one  of  the  company  to  stand 
in  it,  and  I  suppose  they  have  some  joke  like  Pepper's  ghost^ 
for  you  see  him  decompose  and  finally  become  a  skeleton.  Very 
funny  !     Oh  !  Paris  is  gayer  than  ever  it  was  ! " 


A  SENTENCE  in  One  of  our  less  serious  contemporaries  has  puzzled 
me  more  than  a  little.    It  treats  the  "  plagiarism  of  the  ancients  *' 
from  quite  a  new  point  of  view.     This  plagiarism  is  just  as  trying 
in  science  as  in  literature,  and  almost  more  common.     There  are- 
probably  very  few  of  us  who  have  not  had  at  least  once  the 
aggravation  of  finding  that  some  idea  which  we  had  hoped  was 
new  had  occurred  to  others  long  ago  ;  and,  with  all  our  elaborate^ 
machinery  of  catalogues  and  indexes,  we  do  not  find  this  out 
until  too  late.     It  is  somewhat  startling,  therefore,  to  find  that  in 
the  case  of  jokes  the  difficulty  of  making  sure  of  originality  is 
treated  hghtly.     The  sentence  referred  to  reads  as  follows  : — *'  The* 
following  jokes ....  have  been  adjudged  the  best  sent  in  this  week, 
and  Postal  Orders  for  los.,  7s.  6^.,  and  2*.  6d.  will  be  forwarded 
to  the  authors  if  within  a  week  they  are  found  to  he  original,"     We 
thus  get  two  superior  limits  to  the  magnitude  of  the  enterprise  of, 
testing  the  originality  of  three  jokes :  it  can  be  completed  within 
a    week,  and   the  labour  involved  is  worth  less   than  twenty"' 
shillings  altogether.    I  wonder  what  the  figures  would  be  in  the- 
case  of  three  average  astronomical  papers  ? 
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MEETINGS  OF  THE  ROYAL  ASTRONOMICAL  SOCIETY- 

Tuesday,  March  2,  1897, 
Sir  R.  S.  Ball,  LL.I).,  F.R.S.,  Prmdent,  in  the  Chair. 

Secretaries :  Prof.  H.  H.  Tfenee,  M.A.,  B.Sc,  and 

H.  F.  Newall,  M.A. 

An"  informal  Meeting  was  held  at  4.30  p.m.,  in  accordance  with 
the  following  postcard  which  had  been  circulated : — 

ROYAL  ASTRONOMICAL  SOCIETY 

BuBUNOTON  House,  Lokdok,  W. 

Our  Medallist,  Prof.  E.  E.  Barnard,  who  hoped  to  have  been  present'at  the 
Annual  Meeting,  arriyed  at  Southampton  at  z  a.m.  on  the  foUowing  mbrning, 
his  ship  having  been  delayed  four  days  by  rery  bad  weather.  He  must  return 
before  the  next  Meeting  of  the  Societj',  on  March  la. 

Under  the  circumstances  the  President  and  Secretaries  suggest  an  informal 
Meeting  of  the  Society  at  4.30  on  Tuesday,  March  2,  when  Prof.  Barnard  will 
exhibit  some  of  his  slides. 


H.  F.  Newall   1  «     -^     • 
H.  H.  Turner  |  ^^^  '^'''^^ 


A  Dinner  has  also  been  arranged  to  follow  the  Meeting,  at  the  Criterion^ 
Restaurant,  Piccadilly  Circus,  with  the  same  arrangements  as  on  February  12, 
tIz.  :  Morning  dress.  Price  js.  6d,,  exclusiye  of  wine.  Intending  diners  wre 
requested  to  send  a  postcard  to  Mr,  Wedey, 

The  Meeting  was  very  well  attended,  the  room  being  practically 
quite  full.  Professor  Barnard  gave  a  most  interesting  exhibition  of 
his  slides,  of  which  the  following  is  a  brief  account. 

He  first  showed  a  beautiful  picture  of  **  the  old  Moon  in  the  new 
Moon's  arms,"  photographed  in  thirty  seconds ;  all  the  detail  of 
the  dark  part  of  the  Moon  illuminated  by  earth-light  was  most 
beautifully  shown.     Then  followed  a  photograph  of  the  partially 

VOL. 
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eclipsed  moon  taken  with  the  12 -in.  yisual  telescope  of  the  lick 
Observatory,  the  image  being  wonderfully  sharp  for  such  a  tele- 
scope ;  and  another  of  the  totally  eclipsed  Moon  on  September  3, 
1895,  taken  at  mid-totality  with  seven  minutes'  exposure.  Then 
followed  some  of  his  own  drawings  of  the  planet  Mars.  Professor 
Barnard  stated  that  he  was  unable  with  the  Lick  36-in.  telescope, 
even  under  very  favourable  conditions,  to  see  the  canals  as  de- 
picted by  other  observers.  And  he  added  that  the  markings  on 
Venus  had  never  been  seen  by  him  as  described  by  Mr.  Lowell. 
The  conditions  for  observing  during  the  daytime  at  Mount 
Hamilton  were  not  favourable,  the  unequal  heat  of  the  Sun  on 
mountain  slopes  making  the  definition  generally  bad.  But  on 
one  occasion,  1889  April  26,  the  atmosphere  being  very  thick 
from  distant  forest  fires,  the  definition  was  simply  perfect ;  and 
then,  although  he  could  see  no  fine  narrow  markings  on  Venus,  he 
had  seen  well  some  of  the  large  broad  markings  which  had  been 
drawn  by  other  observers.  It  appeared,  however,  that  Mr.  Lowell 
did  not  see  these  large  broad  markings,  although  he  saw  and  drew 
small  thin  ones.  Prof.  Barnard  was  at  some  pains  to  insist  that 
he  was  in  no  way  questioning  Mr.  Lowell's  observations,  but 
eimply  recording  his  own.  He  then  showed  about  a  dozen 
cometary  pictures,  including  those  of  Holmes'  comet.  Brooks' 
comet  1893,  Swiffs  comet  1892  April,  Chile's  comet,  and  the 
comet  he  had  himself  discovered  by  photography.  He  drew  par- 
ticular attention  to  the  wonderful  changes  in  the  tail  of  Brooks' 
comet  shown  by  the  photographs  taken  on  three  consecutive  days, 
1893  October  21,  22,  23,  and  remarked  that  these  changes  seem 
suggestive  of  an  encounter  with  some  resisting  medium.  But  he 
only  made  this  suggestion  in  the  most  tentative  manner.  Then 
he  placed  on  the  screen  several  of  his  wonderful  pictures  of  the 
Milky  Way  taken  with  the  Willard  lens.  In  connection  with 
the  picture  of  the  star-cloud  in  Sagittarius  (E.A.  18*^  10™,  Dec. 
—  20°)  he  drew  attention  to  two  intensely  black  holes  sharply 
defined  in  the  star-cloud,  from  which  run  two  semi- vacant  lanes  of 
Btars,  and  these  after  leaving  the  star-cloud  seem  to  be  continued 
as  lines  of  small  stars  of  uniform  size,  like  beads  on  a  thread. 
With  reference  to  the  picture  of  the  great  Nebula  of  Antares,  dis- 
covered with  the  Willard  lens  on  March  23,  1895,  he  called 
attention  to  the  fact  that  this  Nebula  condenses  strongly  about 
f  Ophiuchi  and  22  Scorpii  and  another  star,  and  is  connected  by 
a  nebulous  extension  with  the  bright  star  o-  Scorpii.  Hence  he 
considered  that  these  stars  are  at  the  same  distance  from  us  as  the 
Nebula,  which  is  seen  on  examination  to  be  connected  v^dth  the 
vacant  lanes  and  the  small  stars  forming  the  ground-work  of  the 
Milky  Way,  and  he  concluded  that  these  small  stars  are  really  small 
compared  with  our  Sun,  and  not  simply  more  distant  than  others. 
Other  pictures  showed  cases  where  the  Nebula  was  not  condensed 
about  bright  stars.  By  an  ingenious  arrangement  of  a  mask  to 
cover  one  of  the  slides,  Prof.  Barnard  showed  how  very  small  was 
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the  field  of  the  Lick  telescope  available  at  any  one  moment  com- 
pared with  that  covered  by  a  photograph.  Finally,  he  showed 
two  pictures  of  the  Yerkes  Observatory,  one  of  them  showing  its 
-actual  state  at  present,  the  great  dome  being  erected  but  not 
covered,  and  the  other  (the  architect's  drawing)  showing  it  as  it  is 
intended  to  be. 

The  slides  and  remarks  met  with  a  very  hearty  reception  from 
i;he  Fellows  present. 

The  President  invited  comments. 

The  Astronomer  Boyal  said  that  he  had  been  much  interested  in 
the  new  fields  of  inquiry  opened  up  by  the  work  of  Prof.  Barnard. 
He  had  been  struck  by  the  fact  that  his  photographs  were  in  many 
Tespects  better  pictures  of  the  heavens  than  those  taken  in  con- 
nection with  the  scheme  for  the  Astrographic  Chart,  which  showed 
^nly  comparatively  small  portions  at  a  time.  He  might  mention 
that  he  had  had  the  opportunity  of  comparing  a  plate  of  the 
Praesepe  taken  at  Greenwich  vsith  the  13-inch  object-glass  with 
forty  minutes'  exposure  with  one  taken  with  the  Willard  lens  with 
^ixty  minutes'  exposure.  The  two  photographs  showed  as  nearly 
as  possible  the  same  number  of  stars,  which  was  noteworthy,  con- 
sidering that  the  former  was  taken  with  a  13-in.  lens,  and  the 
latter  with  a  6-in.  Pictures  of  both  kinds  had  th^r  own  special 
uses,  but  he  had  been  very  much  impressed,  nevertheless,  by  the 
valuable  results  obtained  by  Prof.  Barnard. 

Prof.  Turner  remarked  on  the  great  importance  of  having  the 
maker  of  these  pictures  present  with  them  to  give  his  own  inter- 
pretation of  the  results.  He  could  not  but  feel  a  little  sceptical 
as  to  that  most  fundamental  suggestion  concerning  the  size  of  the 
stars  in  the  Milky  Way,  which  Prof.  Barnard  had  explained  to 
them.  It  did  not  seem  certain  that  what  appeared  from  the 
photograph  to  be  the  case  might  be  finally  accepted  as  a  reality 
without  independent  evidence.  But  in  any  case  the  conclusion 
was  one  worthy  of  the  closest  attention. 

Dr.  Johnstone  Stoney  suggested  with  regard  to  the  changes  in 
the  comet's  tail,  that  it  might  have  met,  not  perhaps  with  a 
resisting  medium,  but  with  a  meteor-stream.  There  must  be 
countless  such  meteor-streams  in  space,  judging  from  the  number 
which  our  small  Earth  moving  in  its  small  orbit  encounters  every 
year,  and  it  did  not  seem  unlikely  that  this  would  account  for  the 
shattering  of  the  tail  which  they  had  seen  on  the  screen.  He 
further  suggested  the  necessity  of  varying  the  exposure  in 
photographs.  He  did  not  think  we  should  realise  the  facts 
completely  imtil  all  possible  exposures,  short  and  long,  had  been 
made.  He  had  been  particularly  struck  by  the  slide  showing  the 
smallness  of  the  field  of  the  Lick  telescope  as  compared  with  the 
photograph,  and  suggested  that  this  explained  the  faulty  character 
of  drawings  of  the  Andromeda  Nebula. 

The  Bev.  S.  Kinns  expressed  the  intense  pleasure  he  had  felt  in 
listening  to  the  lecturer.    When  Prof.  Barnard  had  been  present 
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in  1893  he  had  heard  him  with  such  pleasure,  and  had  gone  awa^r 
in  such  ecstacies,  that  he  could  not  sleep  all  night.  He  wa9 
correspondingly  disappointed  on  the  occasion  of  the  Annual 
Meeting  when  he  heara  that  Prof.  Barnard  would  not  be  there* 
Then  he  had  received  the  postcard  announcing  that  after  all  there 
would  be  an  opportunity  of  hearing  him,  and  he  had  been  so 
delighted  that  he  had  read  the  card  over  and  over  again. 

Prof,  A.  S,  Herschel  called  particular  attention  to  the  meteor- 
trail  shown  on  one  of  the  comet  pictures,  and  congratulated  the 
lecturer  on  having  secured  it,  especially  in  view  of  recent  failures 
to  photograph  the  November  Meteors  on  this  side  of  the  Atlantic* 
He  had  had  the  pleasure  of  seeing  a  photograph  taken  in  San 
Francisco  of  a  display  of  fireworks,  aud  he  understood  that  Prof  .^ 
Barnard  had  photographed  several  of  the  August  Meteors  on  a 
single  plate,  and  these,  he  thought,  gave  us  hope  for  the  future* 
With  reference  to  the  comet  caught  by  its  trail  on  the  plate, 

?erhaps  this  kind  of  discovery  might  be  repeated  in  the  case  of 
'empeFs  comet  and  the  November  Meteor  comet. 
Mr,  E.  W.  Maunder  had  particularly  admired  the  picture  of  the 
"  old  Moon  in  the  new  Moon's  arms."  He  considered  it  eloquent 
testimony  to  Prof.  Barnard's  skill  as  a  photographer  that  he  should 
be  able  to  obtain  such  beautiful  detail  of  the  dark  part,  side  by 
side  with  such  a  bright  object  as  the  crescent,  and  such  skill  as 
was  therein  shown  doubtless  explained  much  of  his  great  successes 
in  other  directions.  Further,  he  would  remark  upon  the  demon- 
stration which  Prof.  Barnard^s  beautiful  photographs  had  alEorded 
of  the  necessity  for  using  all  classes  of  instruments  in  studying 
the  structure  of  the  universe. 

The  President  expressed  the  great  pleasure  and  enjoyment  he 
had  had  in  hearing  Prof.  Barnard,  and  considered  that  they  had 
all  obtained  much  food  for  reflection.  He  was  afraid  that  hence- 
forward he  should  regard  the  canals  in  Mars  with  some  suspicion, 
nay,  even  the  seas  had  partly  fallen  under  a  ban.  Perhaps  the 
lecturer's  recent  experiences  on  the  Atlantic  might  explain  some- 
thing of  this  mistrust.  [Laughter.]  With  regard  to  the  comets' 
tails  and  the  marvellous  representation  of  the  disasters  they  meet  - 
with,  we  could  hardly  refuse  to  accept  the  suggested  explanation 
(possibly  in  the  form  adopted  by  Dr.  Stoney) ;  but  the  point  which 
was  perhaps  most  important  was  that  concerning  the  small  stars 
in  the  Milky  Way.  He  was  not  inclined  at  the  present  moment 
to  adopt  the  sceptical  attitude  taken  up  by  the  Secretary.  He 
would  prefer  to  allow  himself  the  liberty  of  accepting  the  most 
important  suggestion  of  Prof.  Barnard,  which  merited  the  greatest 
possible  attention.  He  had  realized  for  the  first  time  the  two  classes 
of  Nebulae  which  had  been  pointed  out  to  them :  one  kind  apparently 
mixed  up  with  stars,  the  other  not.  And  he  regarded  as  one  of 
the  most  mysterious  objects  he  had  ever  seen,  the  collection  of  two  — 
or  three  small  holes  seen  on  one  of  the  photographs  of  NebulaB. 
-Had  it  not  been  for  Prof.  Barnard's  well-known  skill  as  a  photo*-^^ 
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/grapher  we  might  have  suspected  that  these  spots  had  some  aeoi' 
dental  origin,  but,  as  it  was,  they  were  most  enigmatical.  In 
conclusion  he  was  sure  he  represented  every  person  present  in 
returning  most  hearty  thanks  to  Prof.  Barnard  for  the  very  inter- 
•eating  address  he  had  given  them.    [Applause.] 

The  dinner  in  the  evening  was.  also  very  well  attended,  thirty- 
.«even  being  present. 

The  President  made  a  remarkably  good  speech  in  proposing  the 
toast  of  the  evening,  the  health  of  I?of .  Barnard.  He  dwelt  upon 
his  wonderful  achievement  in  discovering  the  fifth  satellite  of 
.Jupiter,  which  had  immortalized  both  himself  and  the  Lick  tele- 
scope. If  that  telescope  were  dismounted  to-morrow  it  would  still 
have  done  enough  to  take  classical  rank.  It  was  an  old  saying 
that  men  were  known  by  their  friends,  and  it  was  an  honour  to 
Prof.  Barnard  that  his  most  intimate  friend  was  our  Medallist  of 
three  years  ago,  Mr.  S.  W.  Burnham,  just  as  it  was  an  equal 
honour  to  Mr.  Burnham  that  he  should  be  the  friend  of  Barnard. 
They  welcomed  Prof.  Barnard  there  that  evening  in  the  name  of 
the  whole  Society ;  and  more  than  that,  surely  they  with  their 
Jfcoyal  Charter  might  claim  to  represent  the  astronomical  science 
of  England,  and  ask  the  American  nation  to  recognize  in  the  award 
made  to  Prof.  Barnard  the  general  appreciation  of  one  nation  for 
the  work  done  in  the  other  [applause]. 

Prof,  Barnard  in  reply  asked  them  to  take  for  granted  much  of 
what  he  would  say  in  gratitude  for  the  kind  and  hearty  reception 
they  had  accorded  him.  That  he  was  present  on  this  occasion  was 
chiefiy  due  to  Mrs.  Barnard,  who  was  herself  an  Englishwoman 
[applause]  and  who  bad  insisted  that  on  this  great  honour  being 
done  him  be  should  come  and  receive  the  Medal  in  person.  He 
had  always  felt  a  great  admiration  for  the  work  that  had  been 
done  by  English  astronomers,  and  this  admiration  had  been  much 
increased  during  the  last  few  weeks  when  he  had  had  experience  of 
the  climate  in  which  they  worked  [laughter],  find  seen  some  of  the 
comparatively  humble  instruments.  He  had  especially  admired 
the  work  of  Dr.  Common,  who  had  practically  originated  all  this 
work  of  photographing  Nebulae,  which  had  been  followed  up  also 
in  England  by  Dr.  Eoberts  and  others.  He  was  afraid  that  in 
America  they  were  scarcely  yet  enthusiastic  enough  to  make  or 
even  dp  much  work  with  the  reflecting  telescope,  but  they  were  all 
the  more  ready  to  appreciate  the  work  done  with  it  in  England, 
And  he  would  ask  permission  to  conclude  by  proposing  the  health 
of  the  retiring  President,  Dr.  Common. 

Dr,  Common  hoped  that  on  retiring  from  the  Presidential  Chair 
he  had  got  rid  of  the  necessity  for  making  speeches.  He  remarked 
on  the  number  of  medals  which  had  lately  been  awarded  to 
Americans,  and  said  that  when  he  was  preparing  the  address  last  year 
on  Dr.  Chandler's  work  on  the  variation  of  latitude  it  had  occurred 
to  him  whether  this  variation  might  not  be  due  to  the  disturbanea 
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caused  by  shifting  so  much  gold  %om    England  to  America^ 
[Laughter.] 

jB*o/.  Turner  proposed  the  health  of  Mrs.  Barnard,  a  toast  whichr 
was  received  with  great  enthusiasm. 

The  Astronomer  Royal  proposed  the  toast  of  "The  Visitors," 
connecting  with  it  the  name  of  Sir  George  Baden-Powell,  M.P., 
who,  in  repljdng,  commented  on  the  comparatively  small  amount 
of  public  money  spent  on  science  in  England,  a  circumstance  whichr. 
he  considered  called  for  alteration. 


Meeting  on  Friday,  1897  March  12. 

Sir  E.  S.  Ball,  LL,D.,  E.E.S.,  President,  in  the  Chair. 

Secretaries :  Prof.  H.  H.  Tuenbe,  M.A.,  B.Sc,  and 

H.  F.  Nbwall,  M.A. 

The  Minutes  of  the  last  ordinary  Meeting  were  read  and  con- 
firmed. 

Mr.  Newall.  Since  the  date  of  the  last  ordinary  Meeting  a« 
large  number  of  presents,  amounting  to  one  hundred  and  thirty- 
seven,  have  been  received  by  the  Society.  I  will  call  attention  to- 
some  which  are  included  in  the  list.  There  is  a  book  by  Prof.  Corn- 
stock,  presented  by  the  Washburn  Observatory,  entitled  '  Studies- 
in  Practical  Astronomy,'  which  will  be  found  of  interest ;  copies 
of  new  editions  of  Mr.  Lynn's  three  books,  '  Celestial  Motions,*^ 
'  Eemarkable  Comets,'  and  '  Eemarkable  Eclipses ' ;  a  book  by 
Dr.  See  on  the  *  Evolution  of  Stellar  Systems ' ;  a  report  by: 
M.  Kostinsky  of  the  observations  of  the  total  Solar  Eclipse  of 
1896  August  9,  made  by  the  Eussian  Expedition  in  Novaya  Zemlya,, 
with  lantern-slides  made  from  photographs  of  the  corona  obtained 
by  this  party,  which  vdll  be  shown  on  the  screen.  We  have  also 
a  fine  series  of  large  positives  on  glass  of  portions  of  the  Moon's 
surface,  and  transparencies  of  the  total  solar  eclipse  of  1889 
December,  presented  by  the  Lick  Observatory.  Besides  these  I  have 
to  announce  the  receipt  of  valuable  presents  from  the  Executors 
of  the  late  Mr.  Sidney  Waters,  including  a  number  of  books  and 
an  equatorially  mounted  camera  with  a  tele-photographic  lens 
which  Mr.  Waters  had  designed  for  observation  in  Norway  of  the 
recent  eclipse. 

The  photographs  of  the  solar  eclipse  taken  by  the  Eussian 
party  above  mentioned  were  shown  on  the  screen. 

Mr,  Wesley.    The  larger  photographs  were  taken  by  M.  Kostin- 
sky, in  Novaya  Zemlya,  with  a  4-in.  photographic  telescope  and 
exposures  of  3  sees,  and  10  sees.    The  small  photograph  was  takenr. 
by  M.  Hansky  with  a  small  camera  and  an  exposure  of  over  20  sees*. 
I  have  carefully  measured  the  length  of  the  greatest  extension  of  the^ 
corona,  and  can  trace  it  to  a  length  equal  to  2^  diameters  of  thov 
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Moon.  This  is  in  the  north-east  quadrant.  This  spot  M.  Hansky 
believes  to  be  the  planet  Jupiter,  and  I  think  that  this  is  the  first 
time  that  the  planet  Jupiter  has  been  photographed  on  the  same 
plate  with  the  corona. 

Captain  Noble.     What  is  the  orientation  of  these  pictures  ? 
Mr.   Wesley.     They   are  placed  with  north  pole  of  the  Sun 
uppermost  as  nearly  as  the  plates  will  allow. 
Dr.  Spitta.    What  is  the  description  of  the  plates  ? 
Mr.  Wesley.    I  do  not  think  anything  is  said  about  the  make  of 
the  plates.     1  think  that  appearance  (pointing  to  screen)  looks  like 
a  thin  cloud,  because  it  has  a  distinct  form.     On  looking  at  the 
entire  plate  with  a  strong  electric  light  in  the  background  the 
whole  image  appears  to  be  clouded. 

Mr.  W.  E.  Wilson  then  showed  some  photographs  of  the  Spiral 
I^ebula  which  he  had  taken  recently  with  his  2-foot  reflector. 

Capt.  Noble.     Comparing  these  with  the  representations  of  the 

same  nebula  which  were  shown  by  Dr..  Boberts  on  the  screen  & 

few  months  ago,  it  strikes  me  that  Mr.  Wilson's  photographs  show 

the  individual  stars  in  the  spiral  infinitely  more  distinctly  than 

Dr.  Eoberts's  pictures.    Those  who  were  present  will  remember 

that  attention  was  invited  to  the  stars,  and  to  the  way  in  which 

they  followed  the  curve  of  the  nebula,  but  they  were  considerably 

more  nebulous  than  these.     Mr.  Wilson's  are  very  much  more 

stellar  than  those  shown  in  Dr.  Boberts's  photographs. 

The  President.  To  me  these  beautiful  photographs  shown  by 
Mr.  Wilson  are  of  particular  interest  from  the  circumstance  that 
the  Observatory  in  Ireland  is  no  great  distance  from  Lord  Rosse's 
at  Farsonstown,  where  this  nebula  was  first  discovered,  and  I  am 
pleased  to  ask  you  to  congratulate  Mr.  Wilson  upon  the  excellence 
of  these  specimens  of  his  skill. 

Prof.  Turner.  It  will  probably  be  news  to  most  of  those  present 
that  there  is,  within  loo  miles  of  London,  a  portrait-lens  of 
15  inches  aperture  and  89  inches  focus,  which  takes  plates  such  as 
I  hold  in  my  hand.  Dr.  Spitta  thinks  he  can  presently  show  them 
on  the  screen.  The  observatory  has,  among  other  luxuries,  a  hand- 
power  rising-floor.  Both  instrument  and  floor  were  made  by  Sir 
Howard  Grubb.  Their  owner  prefers  to  remain  unnamed,  but  I 
have  his  permission  to  show  these  photographs.  His  first  plate 
was  exposed  on  1896  January  19,  the  doublet  having  been  fbially 
mounted  some  days  before. 

Photographs  of  the  regions  near  M  56,  the  Pleiades,  y  Cygni, 
£  Cygni,  M  81-82,  and  6  Comae  were  then  thrown  on  the  screen, 
and  excited  much  admiration.  The  delineation  of  the  nebulsB  in 
the  Pleiades  close  to  the  bright  stars  was  particularly  noticeable. 

Captain  Noble.  These  pictures  show  the  advantage  of  a  refractor 
over  a  reflector  for  photographing  stars.  Those  who  have  studied 
the  images  of  stars  shown  by  a  reflector  will  remember  the  ap- 
pearance of  an  unsightly  cross,  which  is  not  at  all  apparent  on 
these. 
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The  President.  We  must  all  be  pleased  to  hear  of  this  anonymoufl 
astronomer  who  is  capable  of  doing  such  excellent  work  as  we  have 
had  the  pleasure  of  seeing,  but  looking  at  the  size  of  his  pictures 
it  seems  to  me  that  it  will  be  a  question  for  the  lantern  committee 
whether  we  shtdl  not  hiave  to  provide  a  1 5-inch  lantern  to  do 
justice  to  the  photographs. 

Peo.  W.  Sidgreaves  (having  been  called  upon  to  read  his  paper 
on  )3  Lyrae).  As  there  are  many  papers  on  the  card  for  the  evening, 
I  will  only  draw  attention  to  two  or  three  points  in  my  paper.  I 
propose  to  explain  in  more  detail,  and  with  the  aid  of  a  -diagram, 
the  interpretation  of  the  radiation-Hne  X  4472,  which  I  gave  at 
the  January  Meeting,  and  which  was  reportec  in  the  February 
number  of  the  'Observatory.'  [Father  Sidgreaves  proceeded  to 
explain  his  diagram,  which  showed  the  variation  of  wave-length 
of  different  lines  with  the  phase  of  the  period.] 

With  reference  to  the  tabulated  positions  of  the  spectrum  lines 
accompanying  the  paper,  I  must  state  that  many  of  them  will 
be  found  entered  as  probable^  but  I  have  no  hesitation  in  adding 
that  these  may  be  prudently  accepted  as  certain ;  the  distinction 
between  a  certain  and  a  probable  line  being  that  the  latter  admitted 
of  itself  the  interpretation  of  contrast-effect,  and  was  decided  by 
its  appearance  on  other  plates,  while  the  former  could  not  be 
explained  away. 

Finally,  I  call  attention  to  a  marked  difference  of  behaviour 
observed  in  the  two  bright  hydrogen-hnes  H/3  and  Hy.  The 
former  is  always  strong,  and  is  certainly  at  its  fullest  intensity 
before  the  chief  minimum,  while  H|3  faded  continuously  between 
each  maximum  and  the  following  minimum  phase,  and  recovered 
abruptly  shortly  after  each  minimum.  A  careful  re-examination 
of  the  best  plates  showed  that  this  discordance  between  the  two 
hydrogen  lines  could  not  be  attributed  to  the  difference  between 
the  photographic  sensibility  at  the  two  parts  of  the  spectrum  ; 
there  was  no  appearance  of  over-exposure  at  the  positions 
of  Hy. 

Mr,  Newall,  I  have  been  greatly  interested  at  the  immense 
a,mount  of  work  and  study  that  Father  Sidgreaves  has  devoted  to 
this  spectrum,  and  I  would  ask  him  if  he  has  dealt  with  the 
behaviour  of  the  various  lines  according  to  the  elements  from  which 
they  originate.  I  was  struck  with  the  similarity  in  the  behaviour 
of  the  hydrogen  lines  Hy  and  HE,  The  variation  from  the  normal 
position  of  the  lines  observed  is  shown  to  be  very  similar  in  tl  e 
case  of  these  two  lines,  but  not  so  in  the  case  of  H/3.  One  would 
look  to  find  a  difference  between  the  helium  lines  attributable  to 
the  separate  hypothetical  constituents  of  the  cleveite  gases.  I 
would  ask  Father  Sidgreaves  if  he  has  paid  special  attention  to 
that  point. 

Pev,  W,  Sidgreaves,     I  have  not  dealt  with  that  special  point. 
'  Mr.  Newall.    You  have  dealt  with  each  line  on  its  own  merits, 
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.and  if  there  was  radiation  of  certain  bright  lines  you  have  followed 
the  variation  of  wave-length  of  those  lines  ? 

Mev.  W.  Sidgreaves.  I  have  simply  dealt  with  the  lines  as  they 
Are,  without  reference  to  their  origin  in  any  way.  That  I  leave 
to  you. 

Prof,  Turner  explained  the  principles  of  a  proposed  Photographic 

Transit-Circle.    The  advantages  claimed  for  this  over  the  usual 

form  of  instrument  were  (i)  that  it  would  supply  a  means  of 

•diminating  personal  equation,  and  (2)  that  it  would  eliminate 

difficulties  due  to  irregular  refraction.    The  apparatus  consisted  of 

A  fixed  horizontal  photographic  telescope  placed  in  the  meridian. 

The  plate  in  the  camera  was  carried  by  clockwork  across  the 

field,  its  rate  of  progress  being  recorded  by  an  intermittent  spot  of 

light  controlled  by  the  observing  clock  which  marked  the  plate, 

.and  hence  the  plate  fulfilled  the  function  of  the  chronograph 

jsheet.      The  other  essential  part  of  the  apparatus  was  a  plane 

liiirror  in  front  of  the  object-glass,  supported  on  an  axis  in  an 

«ast-and-west  direction,  like  the  axis  of  an  ordinary  transit-circle. 

A  star  being  reflected  into  the  telescope,  and  the  plate  exposed, 

-the  image  more  or  less  elongated  according  to  the  relative  rate  of 

motion  of  the  star  and  plate,  but  this  elongation  is  immaterial, 

would  be  formed  on  the  plate,  and  the  position  of  this  image  with 

respect  to  the  marks  denoting  the  time,  and  also  with  respect  to  a 

mark  showing  the  line  of  collimation,  could  be  measured  and  the 

time  of  transit  deduced. 

Mr.  Dyson,  Professor  Turner's  suggestion  for  this  new  form  of 
instrument  is  very  interesting  to  me.  So  far  as  I  understand  it, 
the  mirror  is  really  the  transit-circle,  and  requires  the  same 
Adjustments,  but  I  am  not  clear  whether  the  moving  plate  or  the 
position  of  the  lamps  does  not  bring  in  one  additional  adjustment. 
I  should  like  to  ask  Prof.  Turner  whether  an  additional  adjust- 
ment is  not  required  for  the  mirror.  I  was  a  little  surprised 
to  hear  Prof.  Turner  talk  of  giving  so  long  an  exposure.  It  seems 
to  me  that  the  instrument  would  be  adapted  for  a  shorter  exposure 
•of  10  or  20  seconds. 

Prof,  Turner.  Mr.  Dyson  has  asked  me  if  a  new  adjustment  is 
introduced.  There  is  one  new  adjustment,  but  I  do  not  think  it 
is  a  serious  one,  because  it  is  a  matter  of  detail.  The  new 
Adjustment  is  part  of  the  collimation,  which  is  made  up  of  about 
three  different  parts.  There  is  first  the  inclination  of  the  mirror 
to  the  axis.  It  must  be  parallel  to  its  horizontal  axis.  As  to  the 
.wnith-distance  observations,  the  circle  is  placed  on  the  mirror  and 
the  microscopes  read  in  the  usual  way.  The  advantages  gained  in 
:zenith- distance  observations  are  mainly  under  the  head  of  irregular 
refraction.  The  great  gain  is  that  this  mirror  can  be  placed  out 
in  the  open,  and  the  rays  of  light  from  all  stars  go  as  far  as  the 
mirror  without  disturbance  from  being  inside  the  observing-room. 
I  think  there  is  considerable  advantage  in  having  the  mirror  in 
Xhe  open  air,  and  there  will  also  be  some  elimination  of  flexure* 
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These  are  the  chief  gains  with  regard  to  zenith-distance  obser-- 
yations.  With  regard  to  the  question  of  exposure  I  think  that 
ordinary  stars,  sudi  as  clock-stars  and  the  polar  star,  would  be^ 
photographed  in  a  second  or  two.  My  notion  of  working  the^ 
instrument  would  be  to  have  adjustments  determined  once  in  the^ 
evening,  and  to  have  one  long  series  of  plates. 

The  President,  We  are  very  much  obliged  to  Prof.  Turner.  It- 
seems  that  photography  is  going  to  invade  the  one  comer  of 
astronomy  wnich  has  hitherto  been  reserved  for  the  old  method^ 
but  we  can  only  hope  to  see  this  experiment  tried. 

Dr,  Downing,     I  have  thought  that  it  is  not  too  early  to  begin 
to  collect  meteorological  observations  to  make  a  forecast  of  probably 
favourable  stations  for  observing  the  total  solar  eclipse  of  next' 
January;  and  so  long  ago  as  1893  I  wrote  to  Mr.  Eliot,  the  head 
of  the  Meteorological  Department  in  India,  asking  him  to  secure 
observations  at  stations  which  lie  in  the  path  of  the  Moon's  shadow 
in  1898.     Mr.  Eliot  at  once  acceded  to  my  request,  and  was  able 
to  collect  observations  made  in  January  of  the  years  1894,  1895,, 
1896,  and  1897,  and  in  fact  with  the  greatest  kindness  took  a  great 
deal  of  trouble  to  see  that  very  complete  series  of  observationa^ 
were  secured.    What  I  asked  for  was  the  amount  of  cloud  visible 
in  the  sky  at  intervals  from  1 1  to  3  Indian  time  during  the  latter 
half  of  January.     The  time  of  totality  in  India  is  about  i  o'clock  in 
the  afternoon,  and  the  day  of  the  eclipse  is  January  22.     I  recently 
received  the  record  for  January  1897,  and  I  immediately  proceeded 
to  get  the  observations  into  shape  to  present  them  to  the  Society 
in  the  hope  that  they  might  be  useful  to  observers.     I  think 
the    statistics  give  sufficient    information  for  the  purposes  of 
the  astronomer,  but  they  can  only  be  rough  indications,  and  I 
will  give  the  rough  results.     Starting  from  the  West  Coast  of 
India,  where  the  line  of  totality  strikes  the  coast  near  73°  E. 
longitude,  I  find  the  average  amount  of  cloud  in  the  sky  for  73° 
to  76°  E.  long,  at  that  time  of  year  and  day  is  represented  by  i  (lo- 
being  a  clouded  sky).    From  78°  to  85°  E.  long.,  the  average  amount 
of  cloud  in  the  sky  may  be  represented  by  2.     The  most  easterly 
place  for  which  I  have  returns  is  Darjeeling,  and  there  the  amount 
of  cloud  rises  to  between  7  and  8.     The  moral  of  the  discussion 
is  sufficiently  obvious — that  to  the  west  of  the  range  of  mountains 
from  Ahmadnuggar  to  Hyderabad,  the  probable  amount  of  cloud 
may  be  represented  by  the  ratio    i  :  10  ;    to  the  east  of  the 
mountains  by  2 :  10.     It  would  be  advisable,  therefore,  for  the 
observer  not  to  go  further  east  than  longitude  85°,  and  it  would 
appear  that  he  has  a  better  chance  of  a  clear  sky  if  he  keeps  to^ 
the  west  of  the  range  of  mountains. 

A  Fellow.  Is  there  any  diflference  in  the  amount  of  cloud  on 
the  low-lying  coast-line  between  the  sea  and  the  Ghauts  and  on- 
the  hill-stations  ? 

Br,  Downing.  I  am  afraid  there  is  not  a  station  on  the  hills,. 
Sholapore  is   76°  E.  long.,  and   is    a  station  in  the  plain  the 
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furthest  east  of  the  first  set  referred  to,  but  ia  that  neigh- 
bourhood the  ratio  i :  lo,  representing  the  probable  doud,  is  very 
uniform. 

The  President.  I  am  sure  we  are  all  very  much  interested  ia 
this  communication,  which  is  very  encouraging  to  those  who  are 
going  to  try  and  see  the  Indian  Eclipse.  I  would  ask  Dr.  Downing 
why  he  did  not  get  similar  particulars  for  us  with  regard  to  the 
last  ecUpse.  I  am  very  glad,  however,  that  he  did  not,  otherwise 
we  might  not  have  had  a  very  delightful  trip. 

Dr.  Downing  then  read  a  paper  on  the  discordances  of  the  index 
errors  of  the  Madras  mural  circle  1834-42. 

Prof.  Turner  read  extracts  from  a  paper  by  Prof.  E.  W.  Brown 
on  the  mean  motion  of  the  lunar  perigee  and  node,  and  also  a 
paper  by  the  same  gentleman  on  theoretical  values  of  the  secular 
accelerations  in  the  lunar  theory. 

Mr.  Cowell.  Two  years  ago  Prof.  Brown  wrote  a  very  important 
paper  upon  these  subjects,  and  produced  results  of  great  analytical 
interest,  but  on  trial  I  found  that  I  could  not  apply  Prof.  Brown's 
methods  without  using  very  much  more  labour  of  computation 
than  would  be  necessary  by  the  ordinary  methods,  and  I  therefore 
came  to  the  conclusion  that  Prof.  Brown's  paper,  though  of  great 
analytical  interest,  was  hardly  suitable  for  numerical  calculations.. 
I  mentioned  this  to  Prof.  Brown,  and  he  told  me  that  he  hoped  ta 
be  able  to  arrange  his  formulae  so  as  to  make  them  more  suitable 
for  numerical  calculation.  I  shall  therefore  look  forward  with 
great  interest  to  the  publication  of  this  paper. 

Mr.  Newall  read  a  paper  by  Mr.  Lowell  on  further  proof  of  the 
i*otation  period  of  Venus. 

Mr.  Stone  made  some  remarks  on  the  present  magnitude  of 
^ova  AurigSB,  which  was  observed  at  the  Eadcliffe  Observatory  on 
^^larch  10  last  to  be  of  magnitude  ii'5,  and  on  March  12  of  mag- 
yxitude  ii'o.  Previous  observations  in  1894  and  1895  had  shown 
its  magnitude  to  be  constant  about  97. 

Mr.  Newhegin  showed  on  the  screen  some  photographs  of  recent 
^un-spots. 

The  following  papers  were  announced  and  partly  read  : — 

E.  W.  Brown.  "  On  the  Mean  Motions  of  the  Lunar  Perigee 
^md  Node." 

E.  W.  Brown.  "  On  the  Theoretical  Values  of  the  Secular 
Accelerations  in  the  Lunar  Theory." 

Boyal  Observatory y  Cape  of  Good  Hope.  "  New  Double  Stars 
:found  at  the  Cape  Observatory  in  1896." 

Royal  Observatory^  Edinburgh.  **  Observations  of  Comets  and 
Tlanets." 

W.  Coleman,     "  Micrometrical  Measures  of  Double  Stars." 

T.  K.  Mellor.     "  The  Nuclei  of  a  Sun-spot." 

T.  J,  J.  See.     "  New  Short-period  Binary  in  Dorado." 

;8f.  W.  Bumham.     "  The  Orbit  of  a  Cygni." 
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Mrs,  Young  (Miss  O.  Chisholm).     "  On  the  Curve 

iind  its  connection  with  an  Astronomical  Problem." 

A,  M,   W,  Downing,     "Discordances  of  Index  Errors  of  the 

Madras  Mural  Circle,  1834-42." 

H,  H,  Turner,     "  On  a  Photographic  Transit-Circle." 

P,  Lowell,     "  Further  Proof  of  the  Rotation-Period  of  Venus." 

Rev,  W,  Sidgreaves,     "  The  Spectrum  of  /3  Lyrae." 

"  Observations  at  Vadsd   during  the  Total   Solar  Eclipse   of 

August  9,   1896,  by   Passengers  of  the   s.s.  '  I^eptune.'      Com- 
municated by  Eev,  T,  C,  Porter. 
A,  M,  W,  Downing,     "  Cloud  Statistics  referring  to  the  Total 

^olar  Eclipse  of  1898,  Jan.  21-22,  in  India." 

A,  Marth,     "  Epbemeris  for  Physical  Observations  of  Mercury." 
E,  J.  Stone,     "  Estimations  of  the  Magnitude  of  Nova  Aurigae 

made  at  the  Radcliffe  Observatory,  Oxford." 

Radcliffe  Observatory,  Oxford,    "Transit-Circle  Observations  of 

'Comet  Swift  (1896  April  13)  sub  polo. ^^ 

Isaac  Eoberts,     "Attempt  to  Photograph  the  Leonids  in  the 

.Open  Sky." 

The  following  gentleman  was  elected  a  Eellow  of  the  Society; — 
J,  Harold  Herbert,  Mapperley  Eoad,  Nottingham. 

The  following  Candidates  were  proposed  for  election  as  Eellovvs 
^f  the  Society : — 

A.  W,  Clay  don,  M.A.,  Principal  of  the  Exeter  Technical  and 
TJniversity  Extension  College  (proposed  by  Wm.  Ellis). 

JI.  L.  N,  Noel-Cox,  2  Edinburgh  Mansions,  Victoria  Street, 
*S.W.  (proposed  by  Eichard  Inwards). 


THE  BEITISH  ASTEONOMICAL  ASSOCIATION. 

The  fourth  ordinary  meeting  of  the  current  session  was  held  at 
University  College,  on  Wec&esday,  24th  February,  the  President, 
Mr,  N,  E,  Oreen,  F,E,A.S,,  in  the  Chair. 

Eight  new  members  were  elected,  and  the  names  of  fear 
candidates  for  election  were  read  and  suspended. 

Mr.  SeabroJce  described  by  the  aid  of  the  blackboard  a  mechanical 
arrangement  for  correcting  the  observed  time  of  transit  of  a 
celestial  object  for  the  three  principal  errors,  viz.,  coUimation, 
level,  and  azimuth. 

Mr,  A,  J,  S,  Adams  read  a  paper  on  "  The  Development  and  De- 
.cline  of  Sun-spots,"  illustrated  by  diagrams.  Mr.  Adams  pointed  out 


Apr.  1897.]     British  Astronomical  Association.  161 

that  these  diagrams  gave  apparently  some  support  to  Mr.  Corder'» 

theory  that  sun-spots  wax  and  wane  under  the  Earth's  influence, 

notwithstanding  that  the  known  laws  of  gravitation  and  physics 

would  appear  to  make  such  a  theory  impossible.      Nevertheless, 

the  apparent  remarkable  preference  of  sun-spot  growth  for  one  or 

another  solar  quadrant,  together  with  the  possibility  of  some  law 

being  traceable  regarding  increase  and  decay,  seemed  to  render  a 

further  examination  of  the  question  desirable.      Mr.  Adams  then 

proceeded  to  describe  the  method  he  had  adopted  for  arriviug  at 

the  facts.      The  results  appeared  to  indicate  that  there  was  a 

sudden  increase  of  area  as  the  spot  apparently  moved  from  the 

limb,  and  the  question  arose  :  Was  this  a  physical  truth,  or  was  it 

the  result  of  error  in  measurement  or  in  the  applied  correction  ? 

The  writer  was  inclined  to  think  that  the  phenomenon  was  lesa 

real  than  it  looked,  and  that  very  careful  consideration  should  be 

given  to  it  before  its  acceptance.     Certainly  the  difficulties  of 

observation  near  the  limb  were  sufficient  to  create  a  doubt.     But 

supposing  that  the  results  were  reliable,  there  would  seem  to  be 

no    way  out  of  the  question   but    by  admitting  the  truth  of 

3VIr.  Corder's  theory.      In  conducting  the  enquiry  regard  had  been 

paid  to  the  frequency  of  area  expansion  upon  one  side  or  the  other 

of  the  solar  central  meridian,  and  it  was  interesting  to  note  that 

"the  increased  areas   were  found  frequently  to  occupy  a  space 

confined  more  or  less  to  one  or  another  quadrant.     This  feature 

"was  amply  demonstrated  by  a  simple  inspection  of  the  Greenvsdch 

*'  results,"   and   while  he  thought  that  an  Earth-influence  was 

extremely  improbable,  cumulative  evidence  might  yet  bring  to  light 

"the  existence  of  some  solar  tidal  progression,  which  threw  these 

disturbances  into  groups  of  more  or  less  rhythmic  form. 

Mr,  E,  W,  Maunder  said  that  he  was  exceedingly  pleased  that 
Mr.  Adams  had  taken  up  this  inquiry ;  his  only  regret  was  that 
the  areas  of  the  umbrae  had  been  taken  rather  than  of  the  whole 
spots,  because  he  thought  that  it  was  perfectly  clear  that  much  of 
the  falling  off  which  was  shown  towards  either  limb  depended  upon 
the  difficulty  of  observing  an  umbra  when  it  was  near  the  limb. 
Taking  the  mean  curve  which  Mr.  Adams  had  given  below  the 
annual  curves  as  representing  the  general  effect  obtained  for  the 
measures  of  some  seven  or  eight  years,  it  would  apparently  imply 
that  the  umbra  of  a  spot  was  very  small  when  it  came  into  view  at 
the  East  limb,  that  when  it  had  advanced  some  30°  (or  three  days' 
journey)  on  to  the  Sun  it  there  reached  its  maximum  size,  and 
that  it  remained  with  very  little  change  until  it  got  within  three 
days  of  the  west  limb,  when  it  declined  very  rapidly.  He  thought 
they  could  have  no  difficulty  in  agreeing  with  Mr.  Adams  that  a 
considerable  amount  of  that  deficiency  in  the  umbra  near  the  limb 
was  apparent  only  and  was  not  sufficient  evidence  of  terrestrial 
influence.  But  the  figures  which  Mr.  Adams  had  given  in  his 
second  table  seemed  far  more  definitely  in  favour  of  a  real  Earth 
effect  in  the  development  of  spots,  and  would  show  that  on  the 
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whole  they  were  very  perceptibly  larger  on  the  east  side  of  the 
central  meridian  than  they  were  on  the  west.  That  was  certainly 
the  impression  which  many  striking  groups  had  given  him  in  a 
<;asual  observation ;  but  it  was  only  by  the  treatment  of  a  great 
number  of  observations  over  a  very  large  extent  of  time  that  they 
could  be  quite  sure  they  were  not  being  led  away  by  a  mere  casual 
appearance. 

Mr,  G,  J.  Newhegin  exhibited  some  slides  of  sun-spots  covering 
the  period  from  January  down  to  the  present  time. 

Mr,  H,  Dennis  Taylor  then  delivered  a  lecture  upon  "The 
Evolution  of  the  Telescope."  The  lecturer,  after  alluding  to  the 
first  vague  hints  at  optical  contrivances  for  aiding  the  eye  in  the 
*  Opus  Magnus '  and  other  works  of  Eoger  Bacon,  traced  the 
•development  of  the  telescope  from  its  invention  by  Hans  Lippers- 
hey,  a  spectacle-maker  of  Middleburg  in  Holland,  in  1608,  to  the 
present  time.  The  lecture  was  illustrated  by  lantern-slides  of  the 
more  noted  telescopes,  taken  in  many  cases  from  old  engravings 
and  drawings.  A  hearty  vote  of  thanks  to  the  lecturer  concluded 
the  meeting. 


EOYAL  METEOEOLOGICAL  SOCIETY. 

This  Society  has  for  many  years  past  held  annually  an  Exhibition 
devoted  to  some  special  class  of  meteorological  instruments. 

This  year  the  Society  arranged  an  Exhibition  of  meteorological 
instruments  in  use  in  1837  and  1897,  in  commemoration  of  the 
Diamond  Jubilee  of  H.M.  the  Queen.  The  Exhibition,  which  was 
opened  on  Tuesday  the  i6th  instant,  was  held  in  the  Large 
Library  of  the  Institution  of  Civil  Engineers,  Q-reat  Q-eorge  Street, 
Westminster,  S.W. 

The  instruments  which  were  in  use  in  1837,  as  might  be 
supposed,  are  not  very  numerous,  but  many  of  them  were 
somewhat  quaint  and  of  great  interest.  Sir  E.  H.  Vemey,  Bart., 
showed  an  old  barometer  with  a  large  spirit  thermometer,  which 
latter  has  an  arbitrary  scale  decreasing  as  the  temperature  increases, 
*'  extreme  cold  "  being  90°  and  "  extreme  hot "  0°. 

The  instruments  in  use  during  1897  were,  however,  very 
numerous,  and  comprised  various  forms  of  barometers,  thermo- 
meters, hygrometers,  rain-guages,  anemometers,  nephoscopes, 
sunshine  recorders,  actinometers,  aneroids,  electrical  and  miscel- 
laneous instruments.  Many  of  the  instruments  which  were  self- 
recording  were  shown  in  action. 

An  interesting  exhibit  was  a  railed-off  enclosure  about  1 2  feet 
square  covered  with  green  baize,  representing  a  typical  Climato- 
logical  Station  of  the  Royal  Meteorological  Society.  This  included 
a  Stevenson  thermometer  screen,  fitted  with  dry  bulb,  wet  bulb, 
maximum  and  minimum  thermometers ;  rain-gauge  ;  solar  and 
terrestrial  radiation  thermometers ;  sunshine  recorder ;  and  earth 


-Apr.  1897.]     Great  Meteoric  Shower  of  November.  168 

^thermometer,  all  of  which  were  placed  in  situ.  The  Exhibition  also 
included  a  number  of  charts  and  photographs  of  great  interest, 
particularly  those  by  Mr.  J.  Leadbeater  of  ice  crystals  on  window- 
panes.  Mr.  W.  H.  Dines  showed  an  experiment  illustrating  the 
formation  of  the  tornado  cloud,  and  Mr.  Birt  Acres  exhibited 
some  exceedingly  interesting  studies  of  form  and  movement  of 
•clouds  and  waves,  projected  on  the  screen  by  his  cinematoscope. 
The  Exhibition  remained  open  until  Friday,  March  19th. 

In  connection  with  the  exhibition,  a  lecture  was  delivered  on 
Wednesday  evening,  March  17th,  by  Mr.  0.  J.  Symons,  FM.S.,  on 
**  Meteorological  Observations  in  1 83  7  and  1897."  After  describing 
some  of  the  instruments  in  use  at  the  commencement  of  the  Queen's 
reign,  the  lecturer  stated  that  he  had  collected  all  the  known 
records  of  rainfall  for  the  year  1837,  and  that  he  was  able  to  give 
the  total  rainfall  for  that  year  from  161  stations.  An  account  was 
then  given  of  the  meteorological  instruments  in  use  at  the  present 
day,  reference  being  made  to  the  barometer,  thermometer,  hygro- 
meter, rain-gauges,  anemometers,  self-recording  instruments,  &c. 
The  methods  adopted  for  registering  the  duration  of  sunshine  and 
the  amount  of  evaporation  were  next  described.  Allusion  was  also 
made  to  the  help  which  photography  has  rendered  to  meteorology, 
especially  in  relation  to  the  forms  and  movement  of  clouds,  &c. 
Mr.  Symons  concluded  his  lecture  by  exhibiting  a  map,  showing 
the  state  of  the  weather  over  Western  Europe  at  8  a.m.  the  same 
morning.  The  lecture  throughout  was  illustrated  by  numerous 
lantern-slides,  and  Mr,  Birt  Acres  exhibited  his  cinematoscope 
photographs  mentioned  above. 


The  Great  Meteoric  Shower  of  November. 

[Continued  from  p.  129.] 

Bescbiptions  of  the  fine  shower  which  attracted  so  much  at- 
tention in  1833  might  be  multiplied,  but  without  useful  purpose. 
Lardner  says  the  phenomenon  was  witnessed  from  the  Atlantic 
Ocean  to  Central  Mexico,  and  from  the  North- American  Lakes 
to  the  southern  side  of  the  Island  of  Jamaica.  "Everywhere 
within  these  limits  the  first  appearance  was  that  of  fireworks  of 
the  most  imposing  grandeur,  covering  the  entire  vault  of  heaven 
with  myriads  of  fireballs  resembling  sky-rockets.  The  meteors 
exhibited,  on  closer  inspection,  three  distinct  varieties — the  first 
consisting  of  phosphoric  hnes,  apparently  described  by  a  point ; 
the  second  of  large  fireballs,  that  at  intervals  darted  along  the  sky 
leaving  numerous  trains  which  occasionally  remained  in  view  for 
a  number  of  minutes,  and  in  some  cases  for  half  an  hour  or  more ; 
the  third  of  undefined  luminous  bodies  which  remained  nearly 
.stationary  for  a  long  time." 

During  this  brilliant  display  the  fact  that  the  meteors  radiated 
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from  a  common  centre  in  the  head  of  Leo  was  distinctly  manifested^ 
and   the  position  of  this  centre  was  accurately  determined   by 
Olmsted  and  Aiken. 

In  1834  November  12,  Prof.  A.  C.  Twining,  of  West  Pointy 
N.Y.,  observed  many  meteors  from  Leo.  They  were  also  noticed 
to  be  very  numerous  at  other  places  in  America. 

1835  November  13. — At  Amenia,  N.Y.,  the  hourly  rate  wa» 
determined  at  40  or  50.  An  unusual  number  of  shooting-star^ 
was  recorded  at  several  other  American  stations.  Sir  J.  Herschel 
witnessed  a  tolerably  fine  display  at  the  Cape  of  Good  Hope  on  the 
night  of  Nov.  13. 

1836  November  12. — Mr.  Dunster,  Springvale,  Maine,  U.S.A., 
saw  253  meteors  in  a  watch  extending  over  2|  hours.  500  were 
seen  at  Randolph  College,  Va.,  and  400  at  Newark,  A.I. 

1837  November  12. — Prof.  Olmsted  reported  226  meteors  seen 
by  eight  observers  at  New  Haven  between  13*^  5"  and  sunrise.  At 
another  station  52  were  counted  by  one  person  during  i|  hour. 

1838  November  12.— Mr.  E.  C.  Woods,  of  London,  in  a  letter 
to  the  'Times'  relates  that  from  15**  25"*  to  15**  55*"  "nothing 
could  exceed  the  grandeur  of  the  heavens.  From  E.N.E.  to  N. 
meteors  fell  like  a  shower  of  bombHshells  in  a  bombardment,  and 
in  such  rapid  succession  as  to  defy  every  attempt  to  watch  their 
particular  directions  or  to  ascertain  their  numbers.  At  15**  55™ 
the  shower  ceased."  Mr.  Woods  estimated  that  he  saw  400  or 
500  meteors  during  the  half  an  hour.  On  November  13,  in 
4^  hours,  233  meteors  were  counted  by  eight  observers  at  Cam-* 
bridge,  Mass. 

1839  November  12,  7*"  28"  to  12*"  7". — 120  meteors  were 
recorded  by  Heis  at  Aachen. 

These  several  showers,  though  representing  well-defined  returns 
of  the  Leonids,  were  incomparable  with  the  splendid  display  of 
1833.  They  proved,  however,  that  the  meteors  returned  annually, 
though  the  maxima  might  be  separated  by  intervals  corresponding 
to  the  period  betw^een  1799  and  1833. 

The  phenomenon  of  1833  may  be  said  to  have  heralded  the  dawn 
of  meteoric  astronomy.  The  event  was  so  striking,  and  its  cosmical 
associations  apparently  so  important,  that  astronomers  directed 
earnest  attention  to  the  subject  of  meteors :  old  records  were  ran- 
sacked for  descriptions  of  past  showers,  and  the  various  observations 
of  the  displays  of  1799  and  1833  were  carefully  compared  and 
investigated.  The  material  collected  proved  useful,  though  it  was 
singularly  incomplete  and  inexact.  This  department  of  the  science 
had  been  systematically  neglected  in  former  years,  meteors  having 
been  generally  regarded  as  atmospheric  bodies  which  played  no 
important  role  in  the  economy  of  the  solar  system.  Prof.  Olmsted 
discussed  the  phenomena  recorded  in  ;833,  and  some  of  his  results 
were  well  founded,  for  he  concluded  that  the  meteors  originated 
beyond  our  atmosphere,  that  they  consisted  of  light,  transparent, 
combustible  materials,  which  took  fire  and  were  consumed  in 
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passing  through  the  air,  and  that  they  formed  portions  of  a 
nebulous  body  which  revolved  round  the  Sun.  Dr.  01  hers,  in 
1837,  assumed  the  meteors  to  be  moving  in  cometary  or  very 
eccentric  ellipses,  and  he  pointed  out  the  periodicity  of  the  shower, 
predicting  at  the  same  time  a  probably  brilliant  return  in  1867. 
In  1840  Mr.  E.  C.  Herrick  gave  as  the  moot  plausible  hypothesis 
"  that  there  are  revolving  around  the  Sun  millions  of  small 
planetary  and  nebulous  bodies  of  various  magnitudes  and  densities 
and  that  when  any  of  these  dart  through  our  atmosphere  they 
become  ignited  and  are  seen  as  shooting  stars." 

Showers  0/1866  aitd  neighbouring  years* 

After  1839  the  Leonid  shower  seems  to  have  virtually  dis- 
appeared, but,  as  time  drew  near  its  expected  recurrence  in  1866 
or  1867,  the  interest  revived.  To  say  that  the  display  fully 
answered  expectation,,  if  it  did  not  rival  thatj  of  1833,  is  but  to  tell 
an  old  story.  The  results  of  some  observations  may  perhaps  be 
most  conveniently  summarized  in  a  tabular  form  (p.  166). 

The  finest  display  was  seen  in  England  in  1866,  when  100 
meteors  per  minute  were  visible  to  one  observer  at  about  the  time 
of  maximum,  which  occurred  at  13^  10",  but  showers  of  consider- 
able brilliancy  were  also  observed  in  1867  and  1868  in  America. 
In  1867  the  weather  was  cloudy  in  England,  but  in  1868  a  display 
of  fine  meteors  was  seen  at  Greenwich  on  November  13  after  14**, 
though  clouds  greatly  impeded  observations. 

In  addition  to  the  figures  given  in  the  table,  it  seems  desirable 
to  quote  two  descriptions  referring  to  abundant  showers  of  Leonids 
in  1864  and  1865. 

1864  November  13,  a.m.,  s.s.  *Ellora,'  off  Malta. — "There  was 
a  grand  display  of  meteors  all  through  the  watch.  The  watch,  an 
old  '  salt '  and  an  intelUgent  man,  said  that  it  was  the  grandest 
display  he  had  ever  seen,  and  that  the  whole  watch  had  been 
looking  at  them  with  delight."  No  meteors  were  visible  on  the 
morning  of  November  14. 

1865  November  12. — Mr.  William  Black,  Master  of  the  British 
ship  '  Compeer,'  writes : — "  I  have  to  inform  you  that  on  the  night 
of  Sunday,  November  12,  while  passing  Eedonda  and  Nevis  in  the 
West  Indies,  on  my  way  to  Mobile,  the  heavens  were  in  a  blaze 
with  shooting-stars  from  8  p.m.  till  5  next  morning,  such  as  I  had 
never  witnessed  before  in  upwards  of  30  years  while  in  the  com- 
mand of  a  ship.  ThQ  wind  was  Hght  at  the  time,  from  S.E., 
temp.  82°  " 

After  1869,  the  shower  seems  to  have  become  so  far  exhausted 
as  to  have  presented  no  conspicuous  features.  It,  however,  con- 
tinued to  furnish  a  few  meteors  every  year  at  the  middle  of 
November. 

Simultaneously,  with  the  return  of  the  Leonids,  meteoric 
astronomy  made  rapid  progress.    In  1864  Prof,  H.  A.  Newton 

VOL,  XX.  p 
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published  a  list  of  preyious  displays,  and  these,  with  the  Earth's 
longitude  on  each  occasion  and  the  shower  of  1866  added  for 
comparison,  are  given  by  the  late  Prof.  J.  C.  Adams  as  follows  in 
'  Monthly  Notices,'  xxvii.  p.  248 : — 

Yetof,  Day  and  boor.  Earth's  longitude. 

902  October  12,  17**  24°  17' 

931  14,  10  25  57 

934  i3»  17  25  s?. 

1002  14,10  26  45 

iioi  16,  17  30  2 

1202  ......  18,  14  32  25 

^3^^  22,  17  37  48 

1533  24,  14  41  12 

1602  27,  loO.  S.  44  19 

1698  November    8,  17  N.  S.  47  21 

1799  ii>  21  50  2 

1832  12,  16  50  49 

1833  12,  22  50  49 

1866  i3»  13  51  28 

Prof.  Newton,  from  his  examination  of  the  subject,  decided 
that  the  meteors  *^  had  a  motion  along  the  sidereal  year  of  one 
day  in  70  years,  and  that  the  shower  had  a  period  of  about  a  third 
of  a  century."  He  found  that  the  intersecting  point  of  the  Earth 
and  meteor-cloud  exhibited  a  mean  annual  motion  of  52^*4  with 
respect  to  the  fixed  stars.  This  corresponds  to  29'  during  the  33^ 
years  separating  the  maximum  returns.  Prof.  Newton  also 
pointed  out  that  the  group  must  have  a  periodic  time  of  revolution 
of  either  i8o-o,  185*4,  354*6,  376*6  days,  or  33*25  years,  and 
stated  that  the  true  period  might  be  ascertained  by  calculating  the 
imonnt  of  disturbance  due  to  planetary  attraction.  This  diffic^ult 
work  was  undertaken  by  a  mathematician  well  qualified  to  per- 
form it,  and  with  the  result  that  the  latter  period  was  found  to  be 
l^e  correct  one.  Prof.  Adams  found  that  during  ^^^  years  the 
longitude  of  the  node  is  increased  20'  by  the  action  of  Jupiter, 
nearly  7'  by  that  of  Saturn,  while  Uranus  is  responsible  for  i', 
making  28'  altogether,  and,  almost  coincident  with  the  29'  proved 
by  observation. 

Thus  the  periodic  time  received  settlement.  But  this  was  not 
all,  for  another  remarkable  development  was  effected  at  about  the 
same  epoch.  Prof.  G-.  Y.  Schiaparelli,  of  Milan,  who  had  been 
occupying  himself  with  an  investigation  of  the  August  meteors, 
discovered  a  great  similarity  in  their  orbit  and  that  of  Comet  II. 
1862.  He  therefore  inferred  their  close  physical  association,  and 
calculated  the  orbit  of  the  November  meteors  with  the  idea  of 
finding  its  parent  comet.  He,  however,  adopted  an  erroneous 
position  for  the  radiant-point,  and  the  resulting  elements  would 
iK)t  ifwtdi  witii  those  of  an v  known  comet.    In  the  *  Astronomische 
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Xac'brichten '  for  Jan.  29,  1866,  Prof.  C.  F.  W.  Peters,  <rf  Altona, 
dbowed  that  the  elements  of  the  NoTember  meteor  groap  as  com- 
puted bj  M.  Le  Terrier  were  almost  identical  with  those  computed 
by  Dr.  Oppolzer  for  Tempel's  Comet  (L  1866).  Foot  days  later 
Hchiaparelli,  recomputing  the  meteoric  orbit  horn  more  accurate 
data,  discovered  the  same  agreement,  the  relative  elements  bdng : — 

Korember  Meteors.  ^  j     «^^ 

Perihelion  Passa^  ....  1866,  Xov.  10-092  1866,  Jan.  ii'i6o 

Longitude  of  PeriheDon.  56**  25'  9"  60°  28'  o" 

„            Node  ....  231    28  2  231    26  I 

Inclination 17   44  5  17    18  i 

Perihelion  distance. . . .  0*9873  o*97o5 

Excentricity    0*9046  0-9054 

8  'mi-axis  major 10*340  10*324 

P#friodic  time 33*250  years.  33*176  years. 

Direction  of  motion    . .  Eetrograde.  Betrograde. 

The  resemblance  is  most  significant,  and  may  be  said  to  have 
demonstrated  the  practical  identity  of  comets  and  meteors.  In 
publishing  these  results,  ScbiaparelU  asked,  "  Are  the  meteors  to  be 
considered  as  swarms  of  minute  comets  or  as  the  products  of  the 
disHolution  of  large  comets?"  The  author  of  this  important  dis* 
covery  received  the  gold  medal  of  the  E.A.S.  in  1872,  as  a  fitting 
tribute  to  his  successful  investigations. 

The  three  successive  returns  of  the  meteoric  group  in  about 
1799,  "^^Z^*  *^^  ^^^^  offered  some  distinctions.     In  the  former 
case  the  display  was  apparently  confined  to  one  night  and  to  one 
year  only.     Tnis  would  appear  to  indicate  that  the  group  existed 
in  much  more  condensed  form  in  1799  than  at  the  subsequent 
returns,  for  it  was  seen  during  the  nine  consecutive  years  from 
1831  to  1839,  and  during  the  six  consecutive  years  from  186410 
1869.      But  it  would  perhaps  be  unsafe  to  argue  that  it  did  not 
appear  in  1798,  1800,  and  i8oi,as  it  might  escape  record,  though 
it  could  hardly  elude  observation  somewhere  or  other.     Still  it  is 
certainly  curious  that  no  descriptions  of  it  in  the  years  immediately 
contiguous  to  1799  ^^^^  \iQQT^  found  amongst  the  historical  records 
of  the  period.     And  it  is  perhaps  still  more  strange  that  in  about 
the   years    1733   and    1766  our  chronicles   are  silent  as  to  th& 
apparition   of   a   meteor-shower  in    the  month  of    November^ 
Tnnt  it/  occurred  in  the  years  mentioned  is  highly  probable.      I£ 
th<^  group  formed,  at  the  periods  referred  to,  a  far  more  compacts 
one  than  at  present  it  might  only  exhibit  itself  in  a  single  year, 
iuNtead  of  during  a  series  of  years  as  at  the  last  two  returns.     It> 
nn'u;ht  i*lso  have  passed  the  Earth  during  daytime  in  the  mosf> 
oiviliKed  narts  of  tne  world,  and  this  would  increase  the  chances  o£ 
itH  !»Hcapnig  record.     There  are  some  other  impediments  which, 
would   asNist  in  obliterating  it,  such   as  moonlight  and  cloudy 
weather;  but,  even  allowing  for  them  all,  it  seems  unlikely  that 
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brilliant  showers  of  Leonids,  if  they  really  occurred,  could  entirely 
escape  mention.  It  is  true  that  Dr.  Dick,  in  his  '  Sidereal 
Heavens,'  p.  325,  says,  in  speaking  of  the  display  of  meteors  of 
1799,  "They  were  seen  by  all  the  inhabitants  of  Cumana,  the 
oldest  of  whom  asserted  that  the  great  earthquakes  of  1766  were 
preceded  by  similar  phenomena  " ;  but  this  appears  to  be  little  more 
"than  a  tradition. 

Comparing  the  showers  of  1799,  ^^33^  *^d  1866  it  may  be  said 
that  the  one  in  1833  ^^  unquestionably  the  richest,  and  that  the 
display  of  1866  was  the  least  imposing  of  the  three.  In  1833  it 
^as  estimated  there  were  1000  meteors  per  minute,  while  in  1866 
there  were  about  100  per  minute  visible  to  one  observer  at  the 
time  of  maximum  display  at  13^  10". 

On  discussing  the  times  of  occurrence  of  the  various  showers 
near  the  maximum  epoch  1866  it  became  evident  that  some  irregu- 
larities affected  them,  and  that  brilliant  displays  had  taken  place 
not  always  when  the  Earth  occupied  precisely  the  same  longitude. 
A  very  abundant  shower  was  witnessed  by  Mr.  Bradford,  at  a  place 
50  miles  N.N.W.  from  Pekin  in  China,  on  the  morning  of 
November  15,  1867,  or  some  12  hours  after  the  maximum  of  the 
shower  as  seen  in  the  same  year  at  various  places  in  the  United 
States.  Mr.  B.  Y.  Marsh  compared  the  various  times  of  occur- 
rence, and  from  these  it  appeared  that  "  the  central  and  densest 
part  of  the  meteor-stream  through  which  the  Earth  passed  in  1866 
and  1867  is  flanked  on  each  side  by  lateral  and  somewhat  less 
dense  but  wider  meteoric  currents  at  a  distance  from  the  orbit  of 
the  main  stream,  which  the  Earth  crossed  in  about  12  hours  on 
the  mornings  of  November  13th,  1865,  and  November  15th,  1867  " 
('  British  Association  Eeport,'  1869,  p.  302).  The  meteor  group, 
therefore,  instead  of  consisting  of  a  single  mass  evenly  distributed 
on^  each  side  of  the  nucleus,  would  seem  to  be  composed  of  a 
number  of  concentric  streams,  capable  of  originating  a  shower, 
fluctuating  in  intensity,  and  lasting  altogether  48  hours. 

W.  F.  Denning. 

[To  be  continued.] 


The  Longitude  of  the  Sydney  Observatory, 

i*BOM  several  points  of  view  the  question  regarding  the  difference 
of  longitude  between  Greenwich  and  Sydney  is  one  of  great 
importance,  and  any  contribution  which  is  likely  to  improve  our 
knowledge  respecting  it  may  be  thought  acceptable.  Eor  some  years 
the  only  method  employed  for  determining  the  longitude  of  Sydney 
"was  that  practised  at  our  observatory,  and  known  as  the  moon- 
culmination  method.  Professor  Newcomb,  of  Washington,  in  his 
well-known  work  *  Investigations  of  Corrections  to  Hansen's 
Tables  of  the  Moon '  (Washington,  1876),  says  that  the  determina- 
tions of  longitude  from  moon-culminations  are  found  by  experience 
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to  be  subject  to  const&nt  errors,  which  it  is  difficult  to  determine 
and  allow  for,  and  that  it  was  therefore  a  part  of  the  policy  of  the 
American  Commission  for  the  observation  of  the  transit  of  Venus 
to  depend  on  occultations  rather  than  on  moon-culminations  for 
the  determination  of  longitudes.  The  only  direct  determinations  of 
the  longitude  of  Sydney  from  the  motions  of  the  Moon  are  the 
following : — The  Eev.  W.  Scott,  the  first  astronomer  in  charge  of 
the  Sydney  Observatory,  gi^ve  lo*"  4"  46"-66  E.  and  lo*"  4"  44"'43  E. 
as  values  depending  on  meridian  transits  of  the  Moon  observed  at 
G-reenwich  and  Sydney  in  i860  and  1&61,  and  at  the  Cape  of 
Q-ood  Hope  and  Sydney  in  1859  respectifely  (see  Sydney  Astro- 
nomical Observations  for  1861,  p.  82).  Mr.  Stone  from  a 
selection  of  the  G-reenwich  and  Sydney  transits  for  1859  and 
i860,  obtained  10**  4""  47"'32  E.  (see  B.  A.  S.  Monthly  Notices, 
vol.  xxvii.  p.  302).  Mr.  Bussell  from  a  reduction  in  1878  of  the 
Greenwich  and  Sydney  transits  of  1863,  187 1,  1872,  1873,  and 
1874  got  10**  4°  5o"'8i  E.  (see  Introduction  t-o  the  Sydney  Obser* 
vations  for  1877  and  1878,  p.  16).  So  long  ago  as  1861, 1  foresaw 
the  great  value  which  occultations  of  stars  would  have  for  the 
determination  of  the  longitude  of  Sydney,  and  accordingly  calcu- 
lated a  large  number  of  occultations  for  observation  at  the 
Observatory.  Many  of  these  occultations  were  observed,  but  in 
consequence  of  their  non -publication  they  have  never  been  utilised. 
In  1864  I  began  observations  of  these  phenomena  at  my  own  ob- 
servatory which  liad  then  just  been  erected,  and  these  observations 
have  been  systematically  carried  on  down  to  the  present  time.  In . 
1878,  in  a  paper  contributed  to  the  local  Boyal  Society  on  a 
proposed  correction  of  the  longitude  of  the  SydJoey  Observatory, 
I  advocated  the  method  of  lunar  occultations.  In  this  paper  I 
deduced  the  longitude  of  my  own  observatory  from  ten  occultation- 
phases  of  well-known  stars,  the  Moon's  places  being  corrected 
from  transits  at  Greenwich.  The  result  obtained  was  lo*^  3? 
22*-54  E. 

In  a  paper  communicated  to  the  Eoyal  Astronomical  Society  in 
March  1880,  I  discussed  twenty  occultation-p bases,  the  Moon's 
places  being  corrected  from  transit  observations  at  Greenwich,  the 
Eadcliffe  Observatory,  and  Washington,  and  found  10**  3"  2 1*'85  B. 
These,  I  believe,  were  the  first  attempts  in  Australia  to  determine 
the  longitude  from  occultations  of  stars.  In  1884  Dr.  Auwers 
investigated  the  longitude  of  Windsor  from  seventy-five  occulta* 
tions  which  I  observed  during  the  period  1873-76,  comparing 
them  with  some  hundreds  of  similar  phenomena  observed  cont^n-^ 
poraneously  in  the  chief  observatories  of  the  northern  hemisphere. 
He  obtained  10^  3"  2i"'25  E.  as  the  result.  So  important  waa 
this  result  regarded  that  Professor  Harkness,  of  Washington, 
suggested  that  an  accurate  determination  should  be  made  by  the 
telegraphic  method  of  the  difference  of  longitude  of  the  Sydney 
and  Windsor  and  the  Melbourne  and  Windsor  observatories.     By 
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the  kind  co-operation  of  the  Acting  Government  Astronomer, 
Mr.  H.  A.  Lenehaii,  at  Sydney,  and  Mr.  Ellery  at  Melbourne,  this 
suggestion  was  carried  out  with  very  satisfactory  results,  the 
differences  Sydney— Windsor,  and  Windsor— Melbourne  being 
I™  29*'39  and  23™  25''87  respectively,  the  sum  of  these  values,* 
24*"  55**26,  representing  of  course  the  difference  Sydney— Mel- 
bourne. This  agrees  very  closely  with  the  value  24"  5  5'* 40  obtained 
directly  between  Sydney  and  Melbourne  in  1883  (see  the  official 
report  published  in  1886).  The  longitude  of  the  Melbourne 
Observatory,  as  deduced  by  Dr.  Auwers  in  1884  from  twelve 
oocultations  observed  at  Melbourne  in  1874-75,  is  9**  39"  53"*  12  E. 
If,  now,  to  the  values  obtained  directly  by  l)r.  Auwers  for  W'indsor 
and  Melbourne  we  add  the  differences  i"  29'*39,  24"  5 5'' 40 
respectively  we  get  the  longitudes  10**  4"  so"'64  E.,  10**  4™  48''52  B., 
which  differ  by  2"* 1 2.  Dr.  Auwers,  however,  gives  the  relative 
weights  of  the  results  from  Windsor  and  Melbourne  oocultations 
as  5  to  I.  I  have  just  recently  had  the  gratification  of  receiving 
from  Dr.  Hugo  Clemens,  of  the  Astrophysical  Observatory, 
Potsdam,  a  copy  of  his  inaugural  dissertation  entitled  '^  Bestimmung 
der  Lanse  von  Windsor,  N.  S.  Wales  (Tebbutt's  Stemwarte)  aus 
Stembedeckungen,  1864-70.**  It  contains  a  very  elaborate  discus- 
sion of  the  longitude  of  Windsor  from  a  series  of  66  occultations 
observed  by  me  in  1864-70,  which  are  compared  with  some 
hundreds  of  similar  phenomena  observed  during  the  same  period  in 
Europe  and  the  United  States.  The  resulting  longitude  is  10**  3" 
2o*'6o  E.,and  if  to  this  we  add  the  telegraphic  difference  before  given, 
we  get  10*^  4"  49"*99  E.  as  the  longitude  of  the  Sydney  Obser- 
vatory. The  value  for  Sydney  derived  from  purely  telegraphic 
determinations  is  10**  4"  49'' 5  4  E.  (see  the  official  Eeport  of  the 
Telegraphic  Determination  of  Australian  Longitudes  published  in 
1886).  This  determination,  however,  if  it  stood  alone  would,  for 
well-known  reasons,  be  unworthy  of  great  confidence.  Finally, 
it  is  pretty  certain  that  the  value  lo**  4™  48"'9  E.,  given  in  the 
English  and  American  '  Nautical  Almanacs '  for  the  current  year,  is 
too  small.  I  am  quite  unaware  on  what  grounds  a  reduction  has 
been  made  in  the  value  which  obtained  up  to  1896. 

Frirate  Obesrvatory,  JOHN  TbbbuTT. 

Windsor,  N.  8.  Wales, 
1897,  January. 

[With  reference  to  the  concluding  sentence  of  Mr.  Tebbutt's 
article.  Dr.  Downing  kiiidly  informs  us  that  the  longitude  10**  4°* 
48'*9,  given  in  the  'Nautical  Almanac'  for  1896  and  1897,  is  the 
value  adopted  by  Mr.  Stone  in  his  Transit  of  Venus  1882 
reductions  (p.  55),  and  was  given  as  the  official  value  on  the 
authority  of  Mr.  Eussell.  In  the  '  Nautical  Almanac'  for  1898 
and  subsequent  years  the  longitude  of  Sydney  is  given  as  lo*"  4™ 
49--54.— Ed8.] 
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TTie  Rotation  Periods  cf  Venus  and  Mercury. 

It  is  remarkable  that  of  all  the  planets  of  the  solar  system,  Mars 
and  the  Earth  are  the  only  two  whose  rates  of  revolution  about 
their  axes  are  known  with  any  certainty.  The  obvious  cause  of 
this  ignorance  in  the  case  of  Neptune  is  its  distance.  Uranus  has 
until  recently  not  been  observed  for  this  purpose ;  and  though 
rotation  periods  have  been  deduced  for  Saturn  and  Jupiter  from 
observations  of  spots  on  their  apparent  surface,  there  are  circum- 
stances not  inconsistent  with  the  hypothesis  that  these  markings 
are  not  rigidly  attached  to  the  planets,  and  hence  that  the  periods 
are  not  those  of  the  bodies  themselves.  Values  of  the  period  of 
axial  rotation  of  Venus  and  Mercury  were  determined  many  years 
ago,  and  these  have  been  accepted  with  a  reliance,  perhaps,  not 
warranted  by  the  data  on  which  they  depend.  But  within  the  last 
twenty  years  observations  have  thrown  considerable  doubt  on  these 
values,  and  it  is  for  the  purpose  of  recording  some  recent  observa- 
tions of  this  class  that  this  note  is  written. 

In  our  number  for  March  of  last  year  we  gave  a  recapitulation 
of  the  observations  of  Venus  for  determination  of  axial  rotation 
made  to  that  date ;  since  then  we  believe  the  only  addition  to  these 
has  been  a  series  of  drawings  made  by  Mr.  Percival  Lowell  and  his 
assistant  Mr.  Drew,  which  go  to  support  Prof.  Schiaparelli's 
conclusion  that  Venus  rotates  in  the  same  time  as  that  in  which 
she  revolves  in  her  orbit,  and  this  is  also  held  by  other  observers. 

As  to  Mercury,  it  may  be  well  to  recall  the  circumstances  of 
earlier  determinations.  The  first  is  that  by  Schroeter,  who  in  the 
years  1800  and  1801  observed  the  southern  horn  of  Mercury's 
crescent  to  be  slightly  rounded,  which  he  inferred  was  due  to  the 
interception  of  sunlight  by  a  Mercuriau  mountain.  By  noting 
the  recurrence  of  this  phenomenon  he  deduced  a  rotation  period 
of  24**  4™.  This  was  reduced  by  Bessel,  who  rediscussed  the  same 
observations,  to  24**  53",  with  an  inclination  of  the  axis  of  the 
planet  to  its  orbit  of  70°,  which  result  appears  to  have  been  accepted 
for  many  years.  In  1884  Mr.  Denning  cast  some  doubt  on  its 
accuracy  in  consequence  of  some  observations  of  a  spot  which  he 
made  on  several  mornings  in  November  1882,  from  which  he 
interred  a  period  of  about  25  hours*.  In  1882  Prof.  Schiaparelli, 
attacking  the  problem  on  a  new  plan,  made  his  observations  of 
Venus  and  Mercury,  which  are  now  classic.  He  observed  the 
markings  on  the  planets  continuously  from  hour  to  hour,  and  was 
not  able  to  detect  any  apparent  change  in  the  position  of  the 
markings  which  would  be  consistent  with  a  period  of  about  a 
terrestrial  day,  and  from  this  he  concluded  tbat  in  the  case  of 
both  planets  the  rotation  is  uniform  with  a  period  equal  to  that  of 
the  sidereal  revolution. 

The  recent  observations   mentioned  above  are  by  Herr  Leo 

*  '  Observatory/  vol.  vi.  p.  40. 
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IBrenner,  of  Lussinpiccolo,  and  Mr.  Percival  Lowell.  In  Ast. 
!Nach.  no.  3387  (1896,  Nov.  22),  Herr  Brenner  published  a  series 
of  drawings  of  Mercury  made  between  1896  May  19  and  August  8, 
^w^hich  show  markings  shadowy,  but,  judging  by  their  shape, 
obviously  the  same,  although  drawn  at  times  separated  by  inter- 
nals sometimes  of  hours  sometimes  of  days,  and  from  these  he 
deduced  a  period  of  between  33  and  35  hours. 

Mr.  Lowell  communicated  his  drawings  made  in  September  of 
last  year  to  the  Royal  Astronomical  Society  in  January  last,  and 
"these  he  says  are  incompatible  with  any  period  of  rotation,  differ- 
ing   much   from  that  of  its  orbital    revolution.      Mr.  Lowell's 
drawings  differ  from  Herr  Brenner's  in  that  the  markings  are 
shown  as  sharp  lines ;  there  are  points  so  sharp  and  well  defined 
that  micrometric  measurement  might  be  made  of  one  or  more  of 
these  and  a  period  deduced  by  accurate  calculation.    It  is  also 
worthy  of  notice  that  there  is  a  marking  continually  seen  near 
to    the    terminator    which    is  also  apparent  in  some    of   Herr 
Brenner's  drawings,  and  which  may  be  the  same  as  one  referred  to 
by  Mr.W.  F.  Grale,of  New  South  Wales,  who,  writing  to  the  Journal 
of  the  Brit.  Ast.  Assoc,  in  October  last,  said  that  he  had  examined 
Mercury  with  uncertain  results,  but,  '*  beyond  an  ill-defined  shading 
near  the  terminator,  no  markings  were  seen."    It  need  scarcely  be 
added  that  SchiaparelU's  hypothesis  requires  that  the  terminator 
(neglecting  the  effect  of  hbration,  which  is  large  for  Mercury) 
should  always  be  on  the  same  part  of  the  planet,  and  hence  that  a 
marking  always  seen  near  the  terminator  is  evidence  for  the  longer 
period. 


CORRESPONDENCE. 

To  the  Editors  of  *  The  Observatory: 

Comet  Tewfik. 
Gentlemen, — 

This  comet  was  seen  near  the  outer  part  of  the  solar  corona 

during  the  total  echpse  of  the  17th  of  May,  1882.     Has  it  been 

^een  before  or  since?     May  I  venture  to  reply,  in  all  probability, 

both.     A  comparison  of  the  photographs  obtained  in  South  America 

and  in  West  Africa  on  the  16th  of  April,  1893,  led  to  a  suspicion 

of  an  appearance  due  to  the  presence  of  a  comet  in  the  interior 

part  of  the  corona ;  and  its  changed  aspect  during  the  interval 

leaves  little  doubt  that  this  was  really  the  case.    Admitting  the 

comets  seen  in  1882  and  1893  to  have  been  identical,  and  in  or 

very  near  perihelion  when  seen,  its  period  would  be  about  io"9 

years.     But  an  appearance  of  a  similar  kind  was  noticed  by  Prof. 

Winnecke  (and  a  drawing  of  it  published  in  the  '  Memoires  de 

TAcademie  Imperiale  des  Sciences  de  St.  Petersbourg,'  vii®  serie, 

tome  iv.  no.  i)  on  the  occasion  of  the  eclipse  of  July  i8,  i860 
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(the  first  ever  photographed).  Now  this  was  ahnost  exactly  21*8 
years,  or  two  periods  of  io"9  years,  before  May  17,  1S82..  To  say 
the  least,  this  is  surely  very  remarkable. 

For  a  reference  to  Prof.  Winnecke's  observation  I  am  indebted 
to  Eanyard^s  paper  in  the  '  Monthly  Notices  of  the  R  AjS.'  for 
June  1874  (vol.  xxxiv.  p.  369),  where  he  calls  attention  to  what 
seems  to  be  an  appearance  of  a  similar  kind  on  the  photographs  of 
the  eclipse  of  December  12,  187 1.  He  also  refers  (there  and  in 
'M.  N.'  for  November  1873,  vol.  xxxiv.  p.  26)  to  a  dusky  spot 
with  a  bright  nucleus,  noticed  by  Pastorff  on  the  Sun's  disc  on  the 
29th  of  June,  1 81 9,  which  is  believed  to  have  been  the  great  comet 
of  that  year  (perihelion  passage,  June  28,  early  in  the  morning) 
seen  projected  upon  the  bright  background  of  the  photosphere ; 
also  to  a  very  similar  nebulous  spot,  with  a  small  bright  centre^ 
depicted  by  Pastorff  upon  a  drawing  of  the  Sun's  disc  for  the  26th 
of  May,  1828,  which  may  also  have  been  a  comet,  though  there  » 
no  record  of  one  having  been  observed  in  any  part  of  tluit  year. 

These  other  cases,  however,  have  no  reference  to  my  object  in 
this  letter,  which  is  mt^reJy  to  call  special  attention  to  three  cases 
(on  July  18,  i860,  May  17,  1882,  and  April  16,  1893)  when 
comets  would  seem  to  l.ave  manifested  their  presence  in  or 
near  the  Sun's  corona  during  total  eclipses,  the  times  of  which  are 
consistent  with  the  theory  that  all  are  appearances  of  one  oomet 
with  a  period  of  10*9  years.  That  each  of  these  was  noticed  on 
the  occasion  of  a  maximum  of  solar  spots  would  seem,  pro  tanto,  to 
give  some  probability  to  a  suggestion  which  I  ventured  to  bring 
forward  in  the  '  Observatory  for  August  1893  and  October  1894 
(vol.  xvi.  p.  294,  and  vol.  xvii.  p.  334),  that  the  periodicity  of  the 
solar  spots  is  due  to  a  swu*m  of  meteors  revolving  round  the  San, 
and  approaching  him  very  nearly  when  in  perihelion,  whilst  re- 
ceding somewhat  beyond  the  orbit  of  Saturn  when  in  aphelion. 
A  comet  or  other  body  revolving  in  10*9  years  would  have  a  mean 
distance  of  4*92,  somewhat  less  than  that  of  Jupiter.  It  must  be 
remembered  that  the  eocact  period  of  the  solar  spots  is  not  even 
yet  known,  while  there  have  been  lately  several  instances  of  pro- 
traction of  the  maximum,  which  may  be  due  to  the  greater 
dispersion  of  the  meteoric  particles  along  the  orbit,  as  is  probably 
taking  place  in  the  Leonid  meteors,  and  has  been  almost  com- 
pletely established  in  the  Perseids.  Yours  faithfully, 

Blackh«ath,  1897,  March  3.  W.  T.  Lynn, 

The  April  Meteors. 
Geittlsmbn, — 

On  the  morning  of  1803  April  20  a  very  fine  meteoric  shower 
was  observed  at  Bichmond,  Va.,  and  Portsmouth,  New  Haven.  A 
similar  phenomenon  was  witnessed  on  1850  April  20,  when  an 
extraordinary  display  of  meteors  occurred  at  various  places  in 
India.  In  1849,  ^^  ^^^  morning  of  April  20,  three  obstervers  at 
New  Haven  counted  54  meteors  in  an  hour,  so  that  they  were 
much  more  plentiful  than  usual.      The  inter>'al    between  the 
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riiowers  of  1803  and  1850  is  47  years,  and  a  like  interval,  since 
2850,  brings  us  to   1897.    On  the  basis  of  these  facts,  I  would 
therefore  suggest  that  the  sky  be  specially  watched  on  the  nights 
of  April  19  and  20  next,  to  determine  whether  the  Lyrids  return 
in  exceptional  strength.    The  47-year  period  I  have  pointed  out 
Tests  on  slender  evidence,  and  may  not  be  supported  by  further 
observation,  but  it  is  well  that  such  a  test  should  be  applied.    Un- 
fortunately the  Moon  will  be  full  on  the  morning  of  April  17,  and 
her  light  will  partly  interfere  at  the  important  time,  for  she  rises 
on  the  19th  at  ii*^  7™,  and  on  the  20th  at  12**  18".    A  sharp 
watch  should  be  maintained  before  these  times,  and  it  may  be 
desirable  to  look  out  occasionally  after  moonrise,  for  in  the  event 
of  a  rich  display  the  gibbous  Moon  would  certainly  not  be  able  to 
obliterate  it,  though  it  would  detract  from  its  visible  efEects. 

Yours  faithfully, 
Bristol,  1897  March  25.  W.  F.  DjBNNING. 

BaiVa  9%tppo9ed  Discovery  of  the  Duplicity  of 

Saturn's  Ring. 

My  sole  object  in  my  letter  on  this  subject  in  your  February 
number  was  to  correct  the  previous  statement  about  the  supposed 
omission  of  Ball's  drawing  in  Sir  J.  Banks's  copy  of  the 
'  Philosophical  Transactions.'  But  as  my  friend  Capt.  Noble  has 
again  alluded  to  Kitchiner,  who  (as  he  had  pointed  out)  was  the 
first  writer  to  refer  to  Ball's  observation  and  draw  the  inference 
that  he  and  his  brother  had  noticed  the  division  in  datum's  ring 
ten  years  before  Cassini,  mayl  just  note  that  it  is  scarcely  likely 
that  Breen,  Smyth,  and  Hind  "  blindly  copied  "  Kitchiner,  though 
they  undoubtedly  "  followed  "  him  in  one  sense  of  the  word,  i,  e. 
drew  the  same  inference  that  he  had  done  from  the  paragraph  in 
the  *  Phil.  Trans.,'  in  copies  from  which  the  plate  containing  the 
drawing  had  been  omitted  or  (like  the  one  first  consulted  by  me) 
greatly  misplaced.  This  appears  certainly  to  have  been  the  case 
with  Breen,  who  quotes  the  actual  words  of  suggestion  in  the 
*Phil.  Trans./  which  he  attributes,  not  unnaturally,  to  Wallis, 
tnough  we  know  now  that  they  were  by  Moray,  who  says  that  he 
had  written  to  Huygens  on  the  subject. 

More  difiScult  is  it  to  account  for  Proctor's  definite  statement 
('  Saturn  and  its  System,'  p.  49),  that  "  William  Ball  discovered  a 
black  stripe  of  considerable  breadth,  running  quite  round  the 
northern  surface  of  the  ring,  and  having  its  outer  and  iniier  edges 
concentric  with  the  edges  of  the  ring."  This  w  as  I'ertainly  not  taken 
Irom  the  mere  suggestion  of  duplicity  in  the  'Philosophical 
Transactions.'  Yours  faithfully, 

JBlackheath,  1897,  Mar.  16.  W.  T.  Ltnn. 

P.S. — Let  me  take  this  opportunity  of  correcting  a  misprint  in 
my  letter  in  your  March  number.  At  p.  135,  line  21,  insert  the 
word  "  end  "between  "  the  "  and  "  of."— W.  T.  L. 
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A  Desideratum  in  Star  Maps. 
Gentlemen, — 

Many  a  useful  star  atlas  for  the  amateur  has  heen  pablished 
within  the  last  half-century.  That  by  Messrs.  Ginn,  of  New  York, 
described  in  the '  Observatory '  for  this  month,  is  probably  very 
good  as  far  as  it  goes.  But  it  has  always  seemed  to  me  that,  for 
the  ordinary  observer,  the  desideratum,  holding  a  mi^ldle  place 
between  these  small  atlases  and  Argelander's,  is  a  republication  of 
the  larger  maps  of  the  Society  for  Diffusion  of  Useful  Knowledge, 
published  in  1840.  Being  2  ft.  2  in.  square,  these  were  suitable 
maps  for  hanging  up  against  the  Observatory  walls.  They  contain 
stars  to  the  7th  magnitude  inclusive,  and  some  of  the  8th  and  9th, 
the  size  saving  the  labour  of  turning  over  a  number  of  small  maps. 
Will  no  one  undertake  the  reproduction  of  these  ?  The  figures  in 
faint  outline  should  undoubtedly  be  retained,  both  for  fixing  the 
stars  on  the  memory,  and  for  the  sake  of  the  curious  astronomical 
gossip,  so  to  speak,  implied  in  them.  The  smaller  maps  of  the 
IS.  D.  U.  K.,  1830,  were  republished  in  1883,  improved  as  to  the 
number  of  objects,  but  not  in  so  clear  type. 

Melplash  Vicarage,  Bridport,  Faithfully  yours, 

1897,  March  lo.  S.  J.  JOHNSON. 


NOTES. 

Comet  Notes. — Messrs.  Perrine  and  Aitken  give  new  elliptical 
elements  of  Comet  g  1896  (Perrine,  Dec,  8)  in  Ast.  Joum. 
no.  396.  These  are  computed  from  21  observations  extending 
from  Dec.  8  to  Jan.  25,  and  agree  very  closely  with  those  by 
Eistenpart  given  last  month.  They  make  the  period  6'376  years, 
his  value  being  6*441. 

The  following  ephemeris  is  for  Greenwich  midnight : — 

N.  Dec. 

Apr.     I 7   17  44       5  »i       April  13 7  39  59       5  25 

5  25 

5  24 
The  brightness  on  April  9  is  o*oo8  of  that  at  discovery. 

J.  G.  Galle  has  re-determined  the  elements  of  Comet  1835  I.  in 
Ast.  Nach.  3409. 

The  new  elements  are  as  follows : — 

T  =  1835,  Mar.  27«»-24238  Berlin  M.T. 

M 210°    26'     22" 

a 58  20  32  1 1835*0 

i     170    52    32 

log  g' 0-309663 

This  comet  was  discovered  by  Boguslawski  on  April  20,  1835, 
and  was  under  observation  till  May  27.  It  was  at  all  times  faint 
and  difficult  to  observe.  The  probable  errors  of  the  elements  are 
therefore  rather  large.  A.  C.  D.  C. 


KA. 

N.  Dec. 

R.A. 

h  m  B 

0  1 

h  m  8 

X  •  .  .  . 

7  17  44 

5  »i 

April  13 

7  39  59 

5  •  •  •  • 

7  25  13 

5  17 

17. . .. 

7  47  16 

9 . . . . 

7  32  38 

5  22 

Z  X  r  .  .  . 

7  54  29 
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A  Geaphioal  Method  or  Computing  the  Cobebctions  to  be 
APPLIED  TO  Teansit  Obseevations. — The  principle  of  the  device 
-which  Mr.  Seabroke  iutroduced  at  the  British  AstroDomical 
Association  Meeting  (see  p.  i6o  of  this  number)  we  believe  he 
does  not  claim  as  new ;  but  it  may  be  of  sufficient  novelty  to 
many  to  warrant  us  giving  a  shortened  explanation  of  it  here. 

If  x"y  y'\  and  z"  be  respectively  the  level,  azimuth,  and  collima- 
tion  errors,  the  sum  of  the  corrections  to  be  applied  to  the  transit 
of  a  star  of  dec.  I  and  zenith-distance  Q  will  be  ^  sec  2  {x  cos  d 
+  y  sin  0  +  2)  seconds  of  time.  Now  take  x  and  y  as  Cartesian 
coordinates,  and  lay  down  the  point  P  they  represent.  Through  the 
origin  O  draw  a  line  making  the  angle  B  with  the  axis  of  a? ;  then 
if  ON  be  drawn  from  P  perpendicular  to  this  Hue,  ON  will  repre- 
sent the  quantity  x  cos  Q  '\-  y^in  6,  and,  assuming  the  lines  to  be 
divided  as  uniform  scales,  the  unit  being  a  second  of  arc,  it  is  easy 
to  produce  ON  to  M  so  as  to  add  the  coUimation  error,  and  it  only 
remains  to  multiply  the  sum  by  sec  ^  and  to  divide  by  15. 

This  is  easily  done  by  drawing  the  line  OQ  so  that  QOM  =  5, 
and  dividing  the  line  OQ  into  a  scale  whose  unit  is  fifteen  times  that 
of  the  other  lines.  From  M  draw  MQ  at  right  angles  to  OM,  and 
OQ  is  the  quantity  required.  It  will  be  noted  that  QOX  =  5-|-0 
s=the  latitude,  so  that  the  direction  of  OQ  and  the  point  P  are 
constant  for  a  night's  work,  and  the  line  OM  is  variable,  which 
leads  to  Mr.  Seabroke's  device.  He  draws  the  axes  of  coordinates 
and  the  direction  OQ  on  paper,  and  plots  down  P.  On  a  glass 
plate  he  draws  a  circle  with  a  diameter  corresponding  to  the 
direction  OM  and  with  a  series  of  lines  perpendicular  to  this.  By 
superposing  the  glass  plate  on  the  paper  with  its  centre  at  the 
origin  and  the  ruled  diameter  in  the  position  corresponding  to  the 
zenith-distance,  the  series  of  parallel  lines  on  the  glass  make  it 
easy  to  trace  out  the  required  point  Q,  and  hence  to  read  off  the 
scale  the  required  correction. 

The  Ieon  Lines  seen  in  the  Specteum  or  the  Hottest  Staes. 
— Prof.  Lockyer  has  communicated  to  the  Eoyal  Society  a  pre- 
liminary note  on  some  work  he  has  done  recently  in  continuation  of 
his  researches,  published  in  the  '  Proceedings '  of  the  Society  in  1879 
and  1 88 1.  The  earlier  work  consisted  in  noting  (i)  the  lines 
brightened  in  passing  a  spark  in  a  flame  charged  with  metallic 
vapours,  and  (2)  the  lines  brightened  on  passing  from  the  arc  to 
the  spark.  It  was  found  in  the  case  of  iron  that  two  lines  in  the 
visible  spectrum  at  4924*1  and  5018*6  on  Eowland's  scale  were 
greatly  enhanced  in  brightness  and  were  very  important  in  solar 
phenomena.  Now,  he  has  used  a  more  powerful  current  and  larger 
jar  surface  than  formerly,  with  result  that  seven  additional  lines 
have  been  found  to  have  their  brightness  enhanced  at  the  highest 
temperature.  The  wave-lengths  of  these  lines  he  between  4233'3 
and  4584  o  ;  and  Prof.  Lockyer  says,  "  Combining  this  with  former 
results  we  seem  justified  in  concluding  that  in  a  space  heated  to 
the  temperature  of  the  hottest  spark  and  shielded  from  a  low^r 
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temperature,  tbese  lines  would  constitute  tbe  spectrum  of  iron. 
Defining  the  hottest  stars  as  those  in  which  the  ultra-violet 
spectrum  is  most  extended,  it  is  known  that  absorption  is  indicated 
bj  few  lines  only.  In  these  stars  iron  is  practically  represented 
bj  the  enhanced  lines  alone ;  those  which  build  up,  for  the  most 
part,  the  arc  spectrum  are  almost  or  cDtirelj  absent.'' 

A  diagram  is  given  showing  that  these  enhanced  lines  are  seen 
as  bright,  but  of  different  intensity,  in  the  spectrum  of  three  hot 
stars — a  Cygni,  17  Leonis,  and  Bigel,  and  also  that  three  bright 
lines  which  are  most  marked  at  lower  temperatures  are  almost 
entirely  absent  frout  the  spectra  of  these  three  stars  ;  but  that  in 
the  spectrum  of  a  relatively  cool  star,  a  Ononis,  the  seven  enhanced 
lines  are  not  seen,  but  that  the  group  of  three  lines  characteristic 
of  low  temperature  is  well  marked  ;  and  the  note  goes  on  to  say : 
"  The  facts  illustrated  by  the  diagram  indicate  that  the  enhanced 
lines  may  be  absent  from  the  spectrum  of  a  star  either  on  account 
of  too  low  or  too  high  a  temperature.  In  the  case  of  low 
temperature,  however,  iron  is  represented  among  the  lines  in  the 
spectrum,  but  at  the  highest  temperatiu^e  all  visible  indications  of 
its  presence  seem  to  have  vanished. 

"  This  result  affords  a  valuable  confirmation  of  my  view  that  the 
arc  spectrum  of  the  metallic  elements  is  produced  bj  molecules  ot 
different  complexities  ;  and  it  also  indicates  that  the  temperature 
of  the  hottest  stars  is  sufficient  to  produce  simplifications  beyond 
those  which  have  so  far  been  produced  in  our  laboratories/' 

OBSEEVATioire  OP  Jupitbe's  Satellite  V. — In  the  last-published 
number  of  the  '  Astronomical  Journal '  will  be  found  some  obser- 
vations of  this  object,  made  by  Prof.  Schaeberle  with  the  Lick 
36-inch  telescope  on  Feb.  27.  These  are  very  welcome,  as  the 
satellite  has  not  been  observed  since  1894,  and,  as  reference  to  our 
**  Companion  "  will  show,  Mr.  Marth  was  beginning  to  doubt  the 
accuracy  of  his  ephemeris  owing  to  want  of  observations.  Prof. 
Schaeberle  says,  "  Marth's  ephemeris  is  still  in  good  agreement 
with  the  observed  places,  the  error  in  the  time  of  elongation  being 
less  than  four  minutes."  He  also  says  that  although  he  had  not 
previously  attempted  to  observe  the  object,  he  found  it  quite 
readily  by  help  of  the  ephemeris,  the  seeing  being  unusually  good 
and  the  object  near  the  meridian. 

BiNABT  Stab  Obbits. — Continuing  his  crusade  against  deter- 
mined orbits  of  binary  stars  which  he  considers  untrustworthy, 
Prof.  Burnham,  in  '  Popular  Astronomy '  for  February,  brings 
forward  an  especially  bad  case.  The  ellipse  adopted  for  X  C|ygni 
(OS  413)  gives  a  period  of  93*4  years.  Prof.  Burnham  plots 
down  the  observations  at  twelve  epochs,  and  rematks,  **It  is 
obvious  from  the  distribution  of  these  positions,  as  dhown  in  the 
diagram,  that  it  is  impossible  at  this  time  to  tell  anvthing  definite 
about  the  orbit  of  this  pair,  if  it  is  a  binary  at  all.    In  fact,  a  right 
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line  will  represent  the  observed  places  best."    The  angular  motion 

•3JX  53  years  has  been  6i^    We  must  therefore  erase  still  another 

£rom  our  list  of  known  binaries. 

In  the  March  number  he  gives  the  history  of  I  Aquarii.     It 

•was  first  observed  by  Herschel  in  1779,  then  by  Struve  in  1825, 
sind  from  l^en  measures  have  been  fairly  continuous  to  the  present 

time.  These  observations  are  plotted  down,  and  with  them  the 
ellipse  which  represents  the  orbit  computed ;  but  Prof.  Buruham 
also  draws  an  ellipse  of  quite  a  difEerent  kind  which  will  equally 
well  represent  the  observations.  He  concludes  that  it  will  require 
the  measures  pf  at  least  500  years  to  furnish  data  for  a  definite 
solution  of  the  problem.         

Meeting  op  the  Astbonomische  Gesellschapt. — A  report  of 
the  sixteenth  meeting  of  this  international  astronomical  society, 
held  at  Bamberg  under  the  presidency  of  Dr.  Weiss,  in  September 
last,  is  publish^  in  *  Ciel  et  Terre '  for  March  16.  After  the 
report  of  the  state  of  the  zone  catalogue,  which  is  being  made 
under  the  auspices  of  the  Society,  had  been  read  by  the  Secretary, 
Prof.  Seeliger,  the  following  communications  were  read : — "  On 
the  Eolation  between  Luminescence  and  Astrophysical  Hieno^ 
mena,"  by  Prof.  Weidemann ;  *'  On  Periodic  Comets,"  by  Kreutz  ; 
"  On  the  Construction  of  Astronomical  and  Photographic  Ob- 
j'^ctives."  Dr.  HoflOier  made  a  contribution  on  the  influence  of  the 
displacement  of  the  solar  system  on  the  time  that  a  ray  of  light 
takes  to  travel  from  Jupiter  to  the  Earth.  Other  papers  were 
read,  and  Budapest  was  selected  as  the  place  for  the  next 
meeting.  Dr.  Seeliger  was  elected  as  President.  The  journal 
from  which  we  make  this  extract  remarks  on  the  agreeable  social 
features  of  the  reunion,  which  were  largely  due  to  Dr.  Hartwig, 
the  Director  of  the  Bamberg  Observatory. 

Obituaby. — Dr.  Wilhelm  Dollen.  We  regret  to  have  to 
announce  the  death  of  this  well-known  Bussian  astronomer,  which 
occurred  on  February  16  last.  Herr  Dollen  was  born  in  Mitau  on 
1820,  April  25,  and  after  studying  at  the  TJniversity  of  Dorpat 
under  Bartels  and  W.  Struve,  was  in  1839  appointed  Assistant  in 
the  Dorpat  Observatory,  where  he  did  a  large  amount  of  meridian 
work.  During  this  period  he  helped  Dr.  W.  Struve,  of  whom 
DoUen  was  son-in-law,  in  the  chronometric  determination  of  the 
difference  of  longitude  between  Greenwich  and  Altona.  In  1844 
he  was  transferred  to  Poulkova,  which  observatory  enjoyed  the 
benefit  of  his  untiring  energy  and  devotion  to  research  until  his 
death.  In  1890  when  Otto  Struve  gave  up  the  Directorship  of 
the  Poulkova  Observatory,  Dr.  Dollen  followed  his  example,  and 
retired  from  official  life  to  end  the  rest  of  his  days  at  Dorpat, 
where  he  bad  spent  his  youth. 

Dr.  Dollen  especially  devoted  himself  to  astronomy  in  the 
direction  where  it  touches  geodesy.     He  published  annually  an 
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epbemeris  of  stars  for  time  and  azimuth  determinations  by  obser-r 
rations  with  portable  transit-instruments.  It  will  also  be  re^ 
membered  that  on  the  occasions  of  total  lunar  eclipses  since  1884 
he  has  prepared  and  circulated  among  astronomers  lists  of  the 
small  stars  to  be  occulted,  which  have  been  of  considerable  value  in 
helping  to  find  a  value  of  the  Moon's  angular  diameter. 

The  death  is  also  announced  of  M.  Antoine  d*Abbadie,  a 
distinguished  geographer  and  astronouier,  who  was  born  in  Dublin 
in  18 1 8.  He  had  travelled  in  Brazil  and  lived  for  several  vears  in 
Abyssinia,  and  had  published  works  on  both  these  countries.  He 
was  elected  a  member  of  the  Paris  Academy  of  Scifences,  and  was 
a  member  of  the  expedition  sent  by  that  body  in  1882  to  St. 
Domingo  to  observe  the  eclipse  of  the  Sun,  He  had  also  observed 
the  Transit  of  Venus  of  1874. 

Though  he  was  not  an  astronomer,  we  may  record  here  the 
death  of  Prof.  James  Joseph  Sylvester,  Savilian  Professor  of 
G-eometry  in  Oxford  University.  Prof.  Sylvester,  who  was  second 
wrangler  in  1837,  was  successively  professor  of  natural  philosophy 
in  University  College,  London,  of  mathematics  in  the  University 
of  Virginia,  and  then  at  the  Royal  Military  Academy,  Woolwich. 
Later,  he  returned  to  America  as  the  first  professor  of  mathematics 
in  the  newly  founded  Johns  Hopkins  University.  During  this 
period  he  edited  the  American  *  Journal  of  Mathematics,'  and  it  is 
said  that  he  practically  founded  the  study  of  higher  mathematics 
in  the  United  States.  Li  1883  he  was  elected  to  the  Oxford 
Chair  in  succession  to  Henry  Smith.  He  died  on  March  15  in  his 
83rd  year.  

The  Story  of  the  Weather. — We  have  had  sent  us  a  little 
book  with  this  title.  The  publishers  are  Messrs.  Q-eorge  Newnes 
and  Co.,  and  the  author  is  Mr.  Q-.  F.  Chambers.  Taking  these 
things  in  conjunction  with  the  title,  it  does  not  require  much 
efibrt  to  imagine  the  kind  of  book  it  is.  Mr.  Chambers  has 
compiled  a  handy  little  book  on  meteorology,  which  consists  of 
descriptions  of  instruments  used  in  the  science,  and  a  collection  of 
remarks  of  the  nature  of  weather  predictions.  There  is  much 
useful  information,  though  it  is  doubtful  whether  the  predictions 
would  be  realized  in  many  cases  ;  but  the  author  guards  himself 
by  stating  in  his  preface  that  the  book  is  not  meant  to  be  exact 
meteorology,  so  we  must  not  quarrel  with  him.  We  do,  however, 
object  to  his  statement  on  p.  13  when  he  speaks  of  the  immense 
number  of  observations  (presumably  meteorological)  which  lie 
buried  in  the  '  Greenwich  Observations '  from  1750  to  the  present 
time,  which  have  not  been  utilized  except  by  Mr.  Glaisher. 
Mr.  Chambers  does  not  seem  to  know  that  the  meteorological 
observatory  was  not  established  until  1837,  and  he  is  certainly  not 
doing  justice  to  other  meteorologists. 
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The  ARGBiTPAuauM  Papebs. — We  are  occasionally  favoured  by 
having  sent  to  us  publications  of  the  kind  which  some  hard-  hearted 
people  at  once  consign  to  the  waste-paper  basket.  This  is  not  our 
way,  but  we  think  it  right  to  sometimes  mention  these  if  only  to 
show  that  \h.e  race  of  persons  to  whom  Prof,  de  Morgan  devoted  a 
whole  volume  is  not  yet  extinct.  We  have  lately  had  sent  us  a 
largish  book  by  a  certain  gentleman  whose  name  we  will  not  give, 
but  will  describe  him  as  he  describes  himself.  He  is  the  author 
of  at  least  thirty  works  on  various  subjects,  ranging  from  Home 
Eule  to  the  Constitution  of  Nickeliferous  Pyrrhotite ;  he  has 
patented  scores  of  inventions,  he  has  made  diamonds,  he  has  been 
the  largest  maker  of  arsenic  in  the  world,  and  he  has  established  a 
society  for  the  abolition  of  compulsory  poverty.  All  this  evidence 
of  the  versatility  of  his  genius  he  brings  forward  to  convince 
certain  scientific  men  (he  names  Sir  Robert  Ball,  Lord  Kelvin, 
M.  Flammarion,  and  Prof.  Tait)  that  he  is  a  fit  and  proper  person 
with  whom  they  might  argue  without  loss  of  dignity  on  the  subject 
of  the  rotation  of  the  Moon  on  its  own  axis,  which  our  author 
thinks  it  does  not ;  and  also  on  certain  points  in  which  he  thinks 
Newton  was  wrong,  such  as  the  elementary  proposition  that  a 
sphere  attracts  as  though  its  mass  were  concentrated  at  its  centre. 
There  are  some  original  ideas  on  geometry  in  the  book,  which,  in 
case  anyone  would  like  a  little  amusement  in  reading,  we  may  say 
is  sent  from  the  Argentaurum  Laboratory,  20  Central  Avenue, 
New  Brighton,  New  York.     

Mbssbs.  Stanpord  have  kindly  sent  us  copies  of  new  editions  of 
Mr.  Lynn's  books  '  Celestial  Motions,' '  Remarkable  Comets/  and 
^  Remarkable  Eclipses,*  the  latter  naturally  containing  a  short 
account  of  the  circumstances  of  the  phenomenon  of  last  August. 
We  can  only  reiterate  what  we  have  before  said  as  to  the  utility 
and  cheapness  of  these  little  books. 

Me.  Pebcival  Lowell  asks  us  to  announce  that  on  and  after 
April  ist  the  address  of  his  observatory  will  be  "Flagstaff, 
Arizona." 

We  call  attention  to  the  occultation  of  Mars  by  the  Moon  on 
the  morning  of  April  9  ;  but  its  observation  will  scarcely  be  possible 
in  the  neighbourhood  of  Q-reenwich,  owing  to  the  nearness  of  the 
planet  and  Moon  to  the  horizon. 


From  an  Oxford  Note-Book. 

A  curious  instance  of  wilfulness  or  waywardness  on  the  part  of 
a  translator  was  brought  to  light  the  other  day  by  the  query  of  a 
correspondent.  He  asked  on  what  grounds  the  suggestion  of  the 
term  "  Apex  of  the  Solar  Motion  "  was  attributed  to  Herschel,  and 
he  was  referred  to  HerscheFs  classical  paper  of  1783  March  6 

VOL.  XX.  Q 
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(Phil.  Trans,  vol.  Ixxiii.),  where  at  the  top  of  p.  273  we  read  :  — 
"  With  respect  to  the  change  of  declination,  I  would  observe  that 
the  point  of  X  Herculis  which  in  fig.  4  is  assumed  as  the  Apex  *  of 
the  solar  motion  is  not  perhaps  the  best  selected." 

The  asterisk  refers  to  a  footnote : — "  I-  use  the  term  Apex  here 
to  denote  that  point  of  fig.  4  wherein  all  great  circles,  drawn 
through  the  supposed  direction  of  the  motion  of  the  solar  system, 
intersect,  and  which,  in  other  stereographic  projections,  is  generally 
a  pole,  either  of  the  ecliptic  or  equator.  As  this  point  is  in  the 
northern  or  elevated  hemisphere,  the  Sun,  by  tending  to  it,  may 
be  said  to  ascend,  and  the  term  Apex  may  perhaps  not  be  an 
improper  one." 

My  correspondent  replied  that  he  had  known  this  paper  "  only 
from  an  abstract  in  Bode's  '  Astronomisches  Jahrbuch  fiir  1787,' 
where  the  new  term  and  the  note  concerning  it  are  omitted.*' 
And  on  turning  up  the  reference  I  was  astonished  to  find  that  the 
omission  seems  to  have  been  of  the  most  deliberate  character.  The 
translation  in  Bode  is  not  a  mere  abstract,  but  a  full  translation 
of  the  original  paper,  practically  word  for  word.  The  sentence 
above  quoted,  however,  is  rendered  as  follows : — "  Wegen  der 
Abweichung  muss  ich  bemerken,dass  die  Gegend  um  X  im  Herkules, 
auf  welcher  die  Sonne  zuzugehen  scheint,  wol  noch  nicht  die 
richtigste  seyn  mag."  And  the  note  is  omitted  altogether.  One 
is  at  a  loss  to  understand  why  the  suggestion  made  so  modestly, 
and  which  time  has  shown  to  have  been  a  good  one,  should  have 
been  treated  with  such  scant  courtesy. 


Db.  Nansbn's  book  was  announced  in  the  *  Times '  of  Feb- 
ruary 15,  and  reviewed  to  the  extent  of  three  columns,  and  many 
of  us  will  probably  have  read  it  by  this  time.  I  don't  know 
whether  the  writer  or  the  reviewer  is  responsible  for  the  following 
simile : — "  The  ship  should  be  of  such  a  build  as  to  offer  the 
greatest  resistance  to  ice-pressure.  She  should  be  made  as  conv- 
fortahle  as  a  fixed  observatory.^  This  sentence  set  me  thinking,  but 
my  reflections  are  not  of  much  importance  alongside  the  description 
given  later  in  the  review  of  the  standard  of  comfort  actually 
adopted.  "Abundant  and  varied  meals  were  served  vtdth  regu- 
larity. A  windmill  was  erected  for  the  purpose  of  working  the 
dynamo  that  gave  the  company  a  more  or  less  regular  supply  of 
electric  light.  The  ship  was  provided  with  an  excellent  library  of 
books  grave  and  gay.  Q-ames  there  were  of  sorts,  an  organ  out  of 
which  to  grind  tunes,  and  musical  instruments  of  other  kinds." 
Now  I  wonder  how  much  of  this  is  the  proper  equipment  of  a 
fixed  observatory  ?  They  have  just  got  electric  light  at  Greenwich, 
and  there  is  some  excellent  grave  (and  a  little  gay)  reading  in  the 
library.  Also  they  play  hockey  with  great  success.  But  the 
musical  instruments,  now  ?     

In  an  examination  held  the  other  day  it  was  asked  :  '^  What  are 
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aberration  and  parallax  ?  "     The  following  answers  —  two  about 
aberration  and  one  about  parallax — have  merits  of  their  own  : — 

Aberration  is  apparent  alteration  of  direction  owing  to  the  rapid  moyement 
of  the  observer,  thus : 

•   \  \  \    \ 


—  ^  —  x  '"  ^  —  t   \  y    \ —   \  7^  \ 


The  same  shower  and  the  drops  falling  yerticallj  to  an  observer  at  rest  as  i 
will  show  more  aberration  as  the  rate  of  progress  of  the  observer  increases  as 
in  2  and  3. 

Aberration  is  the  inclination  of  something  to  something  else,  caused  bj  the 
motion  of  one ;  e.  g.  aberration  of  light  is  caused  by  the  Earth's  revolution 
round  the  Sun. 

Parallax  \a  the  apparent  meeting  of  two  parallel  lines ;  e.  g,  stellar  parallax, 
by  which  the  stars  appear  in  the  same  position  of  the  heavens  as  viewed  from 
the  Earth  in  different  points  of  its  orbit. 

To  these  I  may  perhaps  add  the  following,  which  I  found  put 
away  at  the  bottom  of  the  drawer  where  such  scraps  are  allowed 
to  accumulate.  The  examination  this  time  was  not  in  astronomy, 
but  in  Shakspeare's  '  Coriolanus/  and  comments  were  invited  on 
the  phrase  '*  Bemock  the  modest  Moon."  One  of  the  comments 
was  as  follows: — "Spoken  by  Menenius  to  Coriolanus  when  he 
tells  him  that  he  has  seen  his  own  face  in  the  Moon."  Another 
was  ventured  by  one  bearing  the  illustrious  name  of  Newton  : — *'  It 
means  that  Coriolanus  would  deride  even  the  Moon,  who  hurt 
no  one." 


The  last  paragraph  mentions  the  bottom  of  the  drawer ;  and, 
indeed,  it  had  got  so  full  that  it  was  necessary  to  clear  it  out. 
Unfortunately  much  of  the  material  found  therein  is  not  of  great 
value — it  had  better  have  gone  into  the  waste-basket  at  once. 
But  at  the  present  time  of  year,  when  Annual  Eeports  keep  one 
busy,  material  of  even  a  modest  kind  must  not  be  despised :  and  I 
take  the  opportunity  of  reprinting  a  few  extracts  from  popular 
works  which  illustrate  the  use  made  of  astronomical  imagery  in 
fiction.  The  first  item  is  purely  descriptive  and  is  due  to  William 
Black,  *  In  Silk  Attire  '  (p.  37)  :— 

There  was  no  Moon  as  yet,  but  there  was  clear  starlight,  and  as  they  drove 
past  the  G-reen  Park  the  long  rows  of  ruddy  lamps  hung  the  far  darkness  like 
strings  of  golden  points,  the  counterpart  of  the  gleaming  silver  points  above. 
And  there  away  in  the  north  glimmered  the  pale  jewels  of  Cassiopeia ;  the 
white  star  on  Andromeda's  forehead  stood  out  from  the  dark  sea ;  Orion  coldly 
burned  in  the  south,  and  the  red  eye  of  Aidebaran  throbbed  in  the  strange 
twilight.    The  dark  grey  streets  and  the  orange  lamps  and  the  tall  houses  and 
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the  solitary  figures  of  men  and  women  hurried  past  and  disappeared ;  but  the 
great  blue  vault,  with  its  twinkling  eyes,  aocompanied  the  carriage-windows, 
rolled  onward  with  them,  and  always  glimmered  in. 


But  authors  are  seldom  content  with  description  pure  aiid  simple. 
The  author  of  '  Uncle  Eemus/  in  a  story  called  *  Free  Joe/  intro- 
duces the  following  sentences  : — 

Helen  did  not  follow  this  timely  advice  at  once.  From  her  window  she  could 
see  the  constellations  dragging  their  glittering  procession  westward :  and  she 
knew  the  spirit  of  the  night  was  whispering  gently  in  the  tall  pines,  but  her 
thoughts  were  in  a  whirl. 

Mr.  Thomas  Hardv  makes  a  more  deliberate  and  detailed  use  of 
the  stars  in  '  A  Pair  of  Blue  Eyes  *  (p.  i8o) : — 

Their  conversation  detained  them  on  the  lawn  and  in  the  portico  till  the 
stars  blinked  out.    Elf  ride  flung  back  her  head  and  said  idly : 

"  There's  a  bright  star  exactly  over  me." 

"  Each  bright  star  is  overhead  somewhere.'* 

"  Is  it  ?  Oh,  yes !  of  course.  Where  is  that  one  ?  "  and  she  pointed  with 
her  finger. 

"  That  is  poised  like  a  white  hawk  over  one  of  the  Oape  Yerde  Islands.'* 

"And  that?" 

"  Looking  down  upon  the  source  of  the  Nile." 

'•  And  that  lonely  quiet-looking  one  ?  " 

"  He  watches  the  North  Pole,  and  has  no  less  than  the  whole  equator  for 
his  horizon.  And  that  idle  one  low  down  upon  the  ground,  that  we  have 
almost  rolled  away  from,  is  in  India,  over  the  head  of  a  young  friend  of  mine, 
who  very  possibly  looks  at  the  star  in  our  zenith,  as  it  hangs  low  upon  his 
horizon,  and  thinks  of  it  as  marking  where  his  true  love  dwells." 


And  perhaps  I  may  wind  up  with  a  few  quotations  from  the 
pages  of  *  Happy  Thoughts.'  I  wonder  bow  many  of  our  readers 
remember  the  Astronomer  in  'Happy  Thoughts/  and  whether  any 
of  them  know  that  he  was  a  real  person — the  late  J.  E.  Hind,  to 
wit ?  "I  had  it  from  one,  that  had  it  from  him."  Here  is  his 
picture  by  Mr.  Burnand  (*  Punch,'  1866) : — 

Being  in  need  of  quiet,  in  order  to  commence  my  great  work  on  Typical 
Developments,  I  have  found  a  charming  retreat  on  the  banks  of  the  Thames, 
somewhere  about  Twickenham,  or  Teddington,  or  Biohmond,  or  Kingston,  and 
all  that  part 

I  discover  for  the  first  time  that  IVe  got  a  neighbour  who  looks  at  the  Moon 
and  Jupiter  every  night  through  a  large  telescope.     He  asks  me  would  I  like  to 

step  in  and  see  Jupiter?     I  have  stepped  in  and  seen  Jupiter  (who 

gave  me  some  difficulty  in  getting  himself  into  focus)  until  my  head  aches.  No 
writing  to-night. 

(Next  night.)  Neighbour  over  the  hedge  asks  me  *'  Would  I  like  to  have  a 
look  at  Jupiter  ?  "  I  say  I  won't  trouble  him.  He  says  no  trouble,  just  get  the 
focus,  and  there  you  are.     He  does  get  the  focus,  and  consequently  there  I  am. 

I  leave  my  'Typical  Developments,'  Chap,  i Looking  through  the 

telescope  makes  one's  head  ache.  We  did  have  some  brandy-and-water. 
Shan't  stop  up  so  late  again.  Cocks  begin  to  crow  here  at  midnight.  It's  quite 
light  at  midnight 

4th  and  5th.  Happy  days.  Disturbed  in  the  evening  by  Jupiter,  Saturn, 
and  the  Moon,  which  have  always  got  something  remarkable  the  matter  with 
them. 


THE    OBSERVATORY, 


A   MONTHLY   KEVIEW   OF    ASTRONOMY. 


No.  253.  MAY.  1897. 

MEETING  OF  THE  EOYAL  ASTRONOMICAL  SOCIETY. 

Friday,  April  9,  1897, 
Sir  E.  S.  Ball,  LL.D.,  F.E.S.,  Prmdenty  in  the  Chair. 

Secretaries :  Prof.  H.  H.  Tubnbb,  M.A.,  B.Sc,  and 

H.  F.  Nbwall,  M.A. 

The  Minutes  of  the  last  Meeting  were  read  and  confirmed. 

Mr,  Newall,  There  is  a  long  list  of  presents  made  to  the  Society 
since  the  last  Meeting  ;  the  number  of  these  is  seventy-one.  No 
doubt  each  of  them  will  be  found  of  interest  by  some  one ;  but 
there  is  one  to  which  perhaps  I  might  call  special  attention,  and 
that  is  the  '  Annals  of  the  Astro-physical  Observatory  at  Meudon,' 
published  by  M.  Janssen,  the  Director.  This  volume  contains  a 
number  of  prints  of  photographs  of  sun-spots  which  have  attracted 
much  attention. 

A  vote  of  thanks  was  passed  to  the  donors  of  the  presents. 

The  President  read  the  names  of  several  Fellows  who  were 
suspended  for  non-payment  of  subscription. 

Prof,  Turner,  We  have  received  an  interesting  paper  from 
Prof,  S,  W.  Bumham  on  the  Orbit  of  Sirius.  Prof.  Bumham 
states  that  previous  to  1896  the  companion  to  Sirius  was  last 
measured  by  himself  in  1890  with  the  36-inch  refractor  at  the 
Lick  Observatory,  when  he  secured  satisfactory  measures  on 
several  nights.  A  great  many  orbits  bad  been  computed,  agreeing 
more  or  less,  but  these  depended  on  observations  confined  to  a 
comparatively  limited  portion  of  the  orbit.  These  orbits  had  periods 
ranging  from  49^  to  58^  years,  and  Prof.  Burnham  suggests  that 
in  finding  these  shorter  periods  the  computers  may  have  been 
influenced  by  variations  of  proper  motion  deduced  from  meridian 
observations.  Using  his  observation  of  1890  Prof.  Bumham 
deduced  an  orbit  with  a  period  of  51*97  years,  which  he  published 
in  *  Monthly  Notices,'  vol.  liii.  p.  482,  and  also  in  the  Publications 
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of  the  Lick  Observatory.  This  present  paper  relates  to  a  recent 
observation  by  Prof.  Schaeberle,  which  is  useful  for  checking  the 
accuracy  of  orbits  determined  from  previous  observations,  and  with 
this  he  finds  an  orbit  v^ith  a  period  of  51  "So  years,  which  is  very 
little  different  from  his  previous  determination. 

Mr,  Seahroke,  Does  he  give  the  distance  of  the  companion  at 
the  present  time  ? 

Prof,  Turner,     Yes.     3*71  seconds  of  arc. 

The  President  called  on  Mr,  A,  W,  Roberts^  of  Lovedale,  South 
Africa,  to  read  his  paper  on  ''  Personality  in  Observation  of  Vari- 
able Stars." 

Mr.  Roberts,  Many  observers  of  variable  stars  have  noticed  the 
peculiarity  that  when  two  stars  are  seen  in  the  field  of  a  telescope, 
one  immediately  under  the  other,  the  lower  of  the  two  stars  appears 
relatively  brighter  than  if  it  were  above  the  other  star.  Of  those 
who  have  commented  on  this  illusion  I  may  mention  the  name  of 
Safarik ;  of  Prof.  Pickering,  who,  in  the  Harvard  Annals,  vol.  xiv., 
mapped  out  a  curve  of  the  error  due  to  this  cause,  which  in- 
fluences variable  star  observations.  Also  Prof.  Barnard,  when 
observing,  not  long  ago,  the  two  satellites  of  Uranus,  noticed  that 
when  one  was  above  the  other,  the  lower  was  apparently  the 
brighter,  and  when  the  position  was  reversed  that  still  the  lower 
appeared  the  brighter.  This  was  mentioned  in  the  '  Astronomical 
Journal,'  No.  370,  and  Prof.  Barnard  said  that  he  thought  this 
was  due  to  a  physiological  effect,  and  that  his  eye  had  a  tendency 
to  make  the  lower  of  two  equal  lights  blighter  by  about  |  magni- 
tude. Dr.  Chandler,  when  observing  the  variable  TJ  Pegasi, 
noticed  that  when  he  had  the  star  below  the  comparison  star 
it  always  appeared  brighter  than  when  it  was  above.  Pour 
years  ago  I  had  some  correspondence  with  Dr.  Gould,  who  advised 
me  to  follow  up  this  question,  and  I  have  endeavoured  to  find 
the  source  of  this  error,  which  is  vitiating  all  observations  of 
stellar  brightness.  To  do  this  I  selected  a  group  of  six  stars, 
and  observed  these  at  all  possible  hour-angles,  so  as  to  see  them 
at  different  position-angles  relative  to  one  another,  always  using 
first  an  ordinary  astronomical  eyepiece,  and  then  a  terrestrial 
eyepiece,  which  reversed  their  position.  The  differences  in  bright- 
ness as  observed  in  these  two  positions  are  represented  in  these 
diagrams  as  curves.  The  abscissae  represent  the  angles  that  the 
line  joining  the  star  under  consideration  to  the  centre  of  the  field 
makes  with  the  vertical,  the  ordinates  represent  the  differences, 
and  it  will  be  seen  that  each  star  apparently  has  a  light  curve 
dependent  on  its  position-angle,  and  that  each  appears  brightest 
when  the  position-angle  of  the  line  joining  it  to  the  centre  of 
the  field  makes  an  angle  of  32°  with  the  vertical.  I  have  little 
doubt,  more  especially  as  a  similar  thing  has  been  noticed  by 
Prof.  Pickering,  Dr.  Chandler,  and  Prof.  Barnard,  but  that  this 
represents  a  subjective  reality.  The  results  of  such  observations 
^ould  all  be  influenced  by  this  source  of  error,  and  that  they  are 
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80  influenced  is  shown  by  the  large  number  of  suspected  variables 
which  find  their  way  into  catalogues,  nine  out  of  ten  of  which  have 
to  be  set  aside  on  examination  and  most  of  which  are  said  to  have 
a  period  of  about  one  day.  Another  thing  which  strengthens  my 
argument  is  that  in  most  of  the  elements  of  variable  stars  there 
will  be  found  a  secondary  term  which,  I  believe,  is  due  to  tins 
illusion.  It  may  occur  to  some  persons  that  this  depends  on  the 
telescope  used.  My  instruujent  is  a  common  theodolite,  and  I 
have  turned  it  every  possible  way,  and  have  used  very  many 
different  eyepieces,  to  make  sure  that  this  is  not  an  instrumental 
effect ;  and  I  may  add  that  I  have  reduced  my  observations  by  the 
method  of  least  squares,  so  that  the  curves  that  you  see  here  are 
the  actual  result  of  an  analytical  process  and  are  not  in  any  way 
affected  by  bias  in  drawing. 

Dr.  Downing.  What  is  the  range  of  magnitude  of  this  error  ? 
So  far  as  I  follow  Mr.  Roberts,  the  size  of  the  error  depends  upon 
the  position-angle  of  the  variable  with  respect  to  the  centre  of  the 
field.  Can  he  give  us  a  formula  connecting  the  error  with  this 
position-angle  ? 

Mr.  W.  Bryant.  I  should  like  to  ask  if  the  angle  of  32°  was 
found  to  be  an  absolute  constant  or  a  personal  constant  depending 
upon  the  observer? 

Prof.  Turner.  If  a  professional  astronomer  were  asked  to  give 
an  example  of  real  and  unselfish  astronomical  work,  he  could  not 
select  a  much  better  instance  than  the  present  one — the  devotion 
of  several  years  to  the  examination  of  one  small  point,  small  but 
nevertheless  vitally  affectmg  the  accuracy  of  observations.  I 
am  sure  we  all  appreciate  the  reference  to  our  late  Associate, 
Dr.  Grould,  as  the  mainspring  of  this  inquiry. 

Ccipt.   W,  Noble.     There  must  be  some  physiological  effect  at 

the   bottom   of  this,  having  its  origin  in  the  eye,  akin  to  that 

which  causes  us  to  see  the  constellations  so  monstrously  larger 

when  near  the  horizon  than  they  appear  to  be  in  the  neighbourhood 

of  the  zenith — a  phenomenon  of  which  no  satisfactory  explanation 

has   appeared  in  any  book  on  astronomy  that  I  have  ever  seen. 

Cpbat  this  is  so,  seems  to  me  to  be  shown  by  this  peculiar  change 

of  magnitude  incident  on  the  reversal  of  position  of  two  stars,  alike 

striking  Professor  Barnard  in  California  and  Mr.  Roberts  in  South 

^^jfriea,  using  instruments,  moreover,  differing  so  widely  in  power 

^jid  construction  as  they  did. 

Mr.  SeahroJce.  It  is  curious  that  the  error  increases  the  farther 
^tars  are  away  from  the  centre  of  the  field.  Also  it  appears  from 
'these  diagrams  that  the  retina  increases  in  delicacy  from  the  lower 
J)art  upwards. 

T?ie  President.  Capt.  Noble's  remark  as  to  the  large  size  of  the 
Tjonstellations  applies  equally  to  the  appearance  of  the  Sun  and 
TMoon,  which  seem  to  have  an  increased  disk  as  they  approach  the 
iiorizon. 

Cajpt.  Noble.    I  have  seen  a  balloon  come  over  my  head  when 

e2 


188  Proceedings  at  Meeting  of  [No.  253. 

it  must  have  been  within  half-a-mile  of  me,  and  it  looked  a  little 
mite  of  a  thing,  and  I  have  watched  it  descending  two  or  three 
miles  ofE,  when  it  has  seemed  comparatively  enormous  as  it  came 
near  to  the  earth. 

Mr,  Thwaiies,  May  I  ask  whether  Mr.  Eoberts  has  noticed  any 
astigmatism  in  his  eyes  ? 

The  President,  I  think  the  number  of  questions  which  have 
been  asked  shows  the  interest  taken  in  Mr.  Eoberts'  paper.  We 
must  thank  him  for  having  brought  the  matter  before  us,  and  we 
are  glad  to  think  that  we  have  a  Fellow  of  this  Society  working 
so  diligently  as  he  is  doing  in  a  far-off  land. 

Mr,  Eoberts,  As  to  the  formula  giving  the  magnitude  of  this 
error,  I  cannot  find  any  relation  involving  the  distance  apart  of 
the  stars,  except  the  general  one  that  the  further  the  star  is  from 
the  centre  of  the  field,  the  greater  is  the  variation.  As  regards 
position-angle,  the  error  is  represented  by  the  formula  fi  cos 
(6  —  32°).  In  this  first  star  I  found  a  difference  of  a  whole  mag- 
nitude between  the  greatest  and  least  observed  magnitudes.  In 
answer  to  the  gentleman  who  asked  if  I  were  troubled  by  astig- 
matism, I  may  say  that  this  subjective  phenomenon  that  I  have 
been  investigating  is  also  experienced  by  Prof.  Barnard  and  others, 
and  it  is  hardly  likely  that  all  our  eyes  are  at  fault.  It  was  also 
asked  if  the  value  of  the  position-angle  32°,  which  gives  the 
maximum  effect,  is  absolute.  I  can  only  say  that  it  is  absolute 
for  me — that  is,  it  is  the  same  for  all  groups  of  stars  that  1  have 
examined. 

Mr,  Knobel  read  a  paper  on  "  Some  Original  Unpublished 
Observations  of  the  Comet  of  1652."  He  said  that  in  a  copy  of 
Bayer's  '  Uranometria '  he  had  recently  obtained  at  Cologne  he  had 
found  recorded  a  series  of  observations  of  the  position  of  the  comet 
from  Dec.  19,  1652,  to  Jan.  3,  1653,  made  by  alignment  with  the 
stars.  This  comet  had  been  carefully  observed  by  Hevelius.  The 
observations  under  notice  recorded  the  position  of  the  comet  on 
three  days  not  included  by  Hevelius.  On  comparing  these 
observations  with  those  made  aft  Danzig,  they  appeared  to  be  as 
good  as  could  be  expected  from  the  method  adopted.  One  of  the 
observations  seemed  remarkable  inasmuch  as  it  apparently 
indicated  the  position  of  the  comet  on  January  20,  1653,  abotit 
ten  days  after  Hevelius  had  declared  the  comet  was  no  longer 
visible. 

Photographs  of  these  observations  were  thrown  on  the  screen, 
and  Mr.  Knobel  called  attention  by  the  way  to  the  fact  that  the 
unknown  author  had  designated  the  group  of  stars  in  Aries  made 
into  the  constellation  "  Musca  "  by  Bartsch,  as  "  Nubes  Tauri,  vel 
Halitus  Arietis,"  the  origin  of  which  he  explained,  but  added  liiat 
he  was  quite  unacquainted  with  those  names  for  this  constellation. 

The  President.  Mr.  Knobel's  interesting  communication  is  of  a 
kind  which  scarcely  calls  for  criticism  or  discussion ;    but  we  all 


May  1897.]       the  Royal  Astronomical  Society,  189 

thank  him  for  unearthing  and  giving  to  the  Society  this  old 
record. 

Mr,  A,  R.  HinJcs  read  a  paper  on  "  Personal  Equation  depending 
on  Magnitude  affecting  the  B.A.  of  the  Stars  in  the  Cambridge 
Zone  Catalogue  of  the  Astronomische  G-esellschaft  Catalogue,  and 
its  determination  from  Astrographic  Catalogue  Plates."  This 
paper  had  its  origin  in  some  work  that  had  been  done  recently  by 
direction  of  the  Director  of  the  Cambridge  Observatory.  The 
Astronomische  G-esellschaft  Zone  Catalogue  which  has  been  made 
at  Cambridge  overlaps  that  marie  by  Dr.  Becker  at  Berlin,  and 
there  are  on  this  account  671  stars  common  to  the  two  catalogues. 
On  comparing  the  places  as  given  in  the  two  catalogues,  it  was 
found  that  the  Eight  Ascensions  determined  at  Cambridge  were 
systematically  larger  than  those  determined  at  Berlin  by  about 
o"'o7  in  the  mean.  There  was  reason  for  thinking  that  this  might 
he  due  to  a  variable  personal  equation,  and  consequently  these 
differences  were  grouped  according  to  the  magnitude  of  the  stars  ; 
the  variation  of  magnitude  of  the  difference  with  the  magnitude 
of  the  star  was  then  apparent.  It  happens  that  the  zone  of  the 
Astrographic  Catalogue  which  is  being  photographed  at  Oxford 
is  the  same  as  that  which  is  being  observed  at  Cambridge ;  and 
Prof.  Turner  kindly  furnished  some  data  deduced  from  measures 
of  astrographic  plates.  The  fundamental  stars  used  for  reduction 
of  the  Oxford  plates  were  those  observed  at  Cambridge ;  and 
when  the  residuals,  that  is  the  differences  between  the  Cambridge 
places  and  those  of  the  photographic  plate,  were  computed,  it  was 
seen  that  they  agreed  pretty  fairly  with  the  differences  Cam- 
bridge—Berlin, which  pointed  to  the  fact  that  the  personality  was 
largely  in  the  Cambridge  observations.  This  point  was  of  interest, 
as  it  showed  that  with  very  little  trouble  the  plates  of  the  astro- 
graphic  chart  might  be  used  to  determine  the  uncorrected  personal 
equation  in  the  Astronomische  Gesellschaft  Catalogue. 

Captain  Noble,  Anyone  who  has  observed  as  many  thousand 
transits  as  I  have  will  know  how  much  more  accura^ly  that  of  a 
small  star  can  be  observed  than  of  a  large  one ;  for  while  the 
division  of  the  interval  between  the  two  places  of  a  minute  point 
of  light,  by  the  wire,  at  two  successive  ticks  of  the  clock,  admits 
of  accurate  estimation  [illustrating  on  the  blackboard],  the  disc  of 
a  bright  star  like  CapeUa  or  a  Cygoi  often  overlaps  the  wire  at  the 
instant  of  a  tick  in  a  way  which  renders  its  exact  time  of  passage 
very  difficult  indeed  to  determine. 

Dr.  Downing,  At  the  meeting  of  the  International  Astronomical 
Conference  held  in  Paris  last  year,  it  was  discussed  whether  any 
correction  for  magnitude  shall  be  applied  to  the  places  of  the  stars 
which  are  to  form  the  International  Fundamental  Catalogue ; 
and  it  was  decided  not  to  introduce  a  correction  of  this  kind 
owing  to  the  uncertainty  of  its  amount;  but  recommendations 
were  made  that  directors  of  observatories  should  investigate  this 
matter  and  make  whatever  determinations  they  could  ;  and  it  is  a 
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matter  of  satisfaction  to  me  that  the  Cambridge  staff  have  not 
been  slow  to  adopt  the  recommendation  of  the  Conference. 

Prof,  Turner,  Some  time  since  I  came  to  a  determination  to 
see  what  could  be  done  to  eliminate  or  determine  personality  by  a 
photographic  method,  as  mentioned  in  the  last  report  of  the  Oxford 
University  Observatory  to  the  Society.  Mr.  Hinks  wrote  to  me 
saying  that  he  was  making  a  similar  research,  but  on  inde- 
pendent lines,  and  I  was  glad  to  put  such  material  as  I  had  at  his 
disposal.  The  number  of  plates  finally  reduced  at  Oxford  was  not 
very  great,  but  I  hope  in  a  short  time  that  we  shall  have  a  good  deal 
«more  material,  and  Mr.  Hinks  has  expressed  his  willingness  to 
undertake  the  discussion  of  these  when  they  are  ready  in  the  same 
way  as  he  has  done  in  the  paper  which  he  now  brings  before  the 
Society. 

Mr,  Newall.  It  may  bft  of  interest  to  call  attention  to  one 
point  in  connection  with  this  personal  equation  depending  upon 
magnitude  which  may  afford  a  hint  to  those  who  are  devoting 
their  attention  to  this  subject,  and  that  is  what  may  be  called 
the  apparent  pendular  movement  of  two  stars,  which  may 
be  described  thus  : — If  there  are  two  stars  in  the  field  of  a 
telescope,  a  large  one  and  a  small  one,  one  above  the  other, 
and  a  slight  shake  be  given  to  the  instrument,  the  small  star 
will  seem  to  swing  with  respect  to  the  brighter  star,  the  faint 
star  lagging  behind  the  bright  one.  I  think  we  ought  to  con- 
gratulate Mr.  Hinks  on  the  result  of  his  investigation,  which  must 
also  be  gratifying  to  Mr.  Graham,  who  made  most  of  these 
observations.  It  seems  a  fortunate  circumstance  that  Oxford  and 
Cambridge  should  be  working  at  the  same  zone — the  one  from  a 
photographic,  the  other  from  a  visual  point  of  view. 

Dr,  Common,  I  think  that  this  pendular  appearance  depends 
a  great  deal  upon  which  star  you  are  looking  at  while  you  shake 
tlsie  telescope. 

Mr,  Stone,  I  think  this  variation  of  personal  equation  with 
magnitude  in  eye  and  ear  observations  depends  a  great  deal  on 
1  he  method  of  observation.  Some  persons  observe  by  dividing  the 
distance  between  the  positions  of  the  star  at  two  consecutive 
seconds,  others  by  mentally  dividing  the  time  interval  between  two 
clock-ticks.  One  of  the  observers  at  the  Eadcliffe  Observatory 
adopts  a  combination  of  these  two  methods  with  some  success. 

The  President  in  thanking  Mr.  Hinks  for  bringing  forward  this 
subject  mentioned  that  this  catalogue  which  Mr.  Graham  has  been 
occupied  on  for  a  number  of  years  is  now  finished,  and  will  be 
distributed  shortly. 

The  Astronomer  Boy  ah  I  thought  it  might  interest  Fellows  if 
they  saw  the  first-fruits  of  work  with  the  new  Thompson  photo- 
graphic equatorial  obtained  by  Mr.  Dyson  and  Mr.  Oowell  last 
night.  [Photographs  of  stars  taken  with  the  26-inch  refractor 
inside  and  outside  the  focus  and  at  the  focus  were  shown  on  the 
screen.]    I  have  also  brought  some  photographs  taken  by  Mr. 
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Lexus  with  the  28-inch  refractor  adjusted  for  photographic  work. 
[Photographs  taken  with  the  28-iuch  inside  and  outside  the  focuF, 
and  also  photographs  of  Castor,  y  Leonis,  {  Ursae  Majoris,  f  Bootis, 
and  the  Moon  were  shown  on  the  screen.]  We  have  got  the  new 
instrument  into  fair  working  order  now,  the  distance  between  the 
lenses  having  been  carefully  adjusted  aft^r  a  series  of  trials,  and 
the  images  appear  to  be  very  sharp,  and,  so  far  as  one  can  judge, 
it  promises  very  good  results  for  double  stars.  Means  have  been 
devised  in  the  object-glass  for  adjusting  the  distances  between  the 
lenses.  These  photographs  show  that  the  object-glass  is  very  nearly 
in  proper  photographic  adjustment.  There  is  one  thing  I  would  call 
the  attention  of  our  Fellows  to  as  regards  this  application  of  photo- 
graphy. I  think  that  these  photographs  with  the  28-in.,  which  may 
be  looked  upon  as  experimental  in  the  first  instance,  show  there  is 
a  great  field  for  photography  in  this  direction  in  measuring  double 
stars.  With  the  28-inch  telescope  the  diameter  of  the  disc  of  the 
fainter  component  of  Castor  is  only  about  one-third  of  a  second 
of  arc  on  the  photoi^raph,  and  we  have  distinctly  measurable 
photographs  of  a  double  star,  the  components  of  which  are  only 
half  a  second  of  arc  apart.  I  have  brought  these  forward 
to-night  to  give  the  Society  an  idea  of  what  we  hope  to  get  in  the 
future. 

Dr,  Common  (who  now  occupied  the  Chair  in  the  absence  of  the 
President).  I  have  had  the  pleasure  of  looking  at  some  of  these 
photographs,  and  I  may  say  I  was  very  much  struck  with  the 
extraordinary  beauty  of  the  images,  especially  with  the  images  of 
the  double  star.  Their  delicacy  is  surprising,  and  I  think  the 
Astronomer  Royal  is  right  in  supposing  that  photography  may 
really  supersede  the  eye  even  in  such  a  delicate  operation  as  the 
measurement  of  double  stars.  I  have  no  doubt  that  Mr.  Burnham 
would  contest  this  statement,  but  these  first  trials  with  the  telescope 
are  good,  and  no  doubt  with  better  nights  and  more  experience  and 
possibly  better  plates  the  Astronomer  Eoyal  will  have  some  very 
excellent  photographs  to  show  us. 

The  Astronomer  Royal,  Several  of  those  photographs  were  taken 
with  Dr.  Hill  Norris's  dry  collodion  plates,  and  I  think  the 
character  of  the  images  has  been  better  in  consequence. 

Dr,  Common,  I  am  pleased  to  hear  that  you  have  tried  those 
plates.  Some  of  the  results  got  with  dry  collodion  plates  are 
astonishing.  In  photographs  of  nebula9  or  of  the  Moon,  definition 
is  of  the  first  importance,  and  last  year  I  made  experiments  with 
the  ordinary  dry  plates  and  with  dry  collodion  plates.  I  took  as  a 
test-object  a  newspaper  hung  up  against  the  wall,  and  using  an 
ordinary  quarter-plate  camera  with  a  ^-inch  symmetrical  lens 
exposed  a  dry  plate.  I  examined  the  picture  I  got,  and  found 
that  with  the  lightning-plate  the  letters  ran  into  one  another,  so 
that  they  could  not  be  made  out,  but  with  a  slow  plate  one  could 
make  out  the  letters,  and  with  the  dry  collodion  plate  their  form 
could  be  seen  distinctly.     I  also  found  that  on  a  photograph  taken 
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with  a  dry  collodion  plate  I  could  distiDgaish  the  300  dinsions 
round  a  watch  of  ordinary  size. 

Prof,  Turner  read  a  paper  by  Mr.  A.  F,  Lindemann  on  an 
improved  method  of  clock-winding,  and  said  that  Mr.  Linde- 
mann's  method  of  winding  had  been  in  constant  use  in  his 
Observatory  for  the  last  eight  months  with  great  success. 

Prof.  Turner  then  read  a  short  paper  on  "The  Straightness  of 
of  Spider  Lines.''  He  had  heard  that  the  straightness  of  the 
horizontal  wire  in  the  transit-circle  at  an  observatory  which  he 
preferred  not  to  mention  had  been  suspected  of  curvature  or 
"  sag/'  If  such  "  sag  "  existed  generally  it  would  enter  directly 
into  the  It--D  observations,  and  would  to  some  extent  affect 
all  Z.D.  observations.  To  determine  whether  it  existed  in  the 
horizontal  wire  of  the  Q-reenwich  transit-circle,  he  had  exa- 
mined all  those  cases  where  a  star  had  been  observed  at  vertical 
wires  i,  2,  6,  and  7,  and  subtracted  the  readings  for  1  +  7  from 
those  for  2  +  6,  correcting  the  result  for  curvature.  The  general 
result  obtained  from  some  hundreds  of  such  observations  was  that 
the  wire  was  sensibly  straight.  As  regards  the  suspicions  in  the 
case  already  mentioned,  he  believed  they  were  based  on  obser- 
vations of  polar  stars,  and  it  was  possible  that  the  complete 
correction  for  curvature  had  not  been  applied.  Near  the  pole 
terms  of  higher  orders  than  the  second  were  required,  which  could 
be  expressed  very  simply  in  rectangular  coordinates. 

TTie  following  papers  were  announced  and  partly  read  : — 

B.  T.  A.  Innes.    "  A  new  Quadruple  Stellar  System." 

H,  H,  Turner,     "  On  the  Straightness  of  Spider  Lines." 

John  Tebhutt.     "  Observations  of  the  Minor  Planet  (7^  Flora." 

S,  W,  BwmJiam,     "  Orbit  of  Sirius." 

T,  J,  J.  See,  "  Micrometrical  Measures  of  the  Double  Stars  in 
the  Great  Nebula  and  Cluster  surrounding  17  Carinas,  made  with 
the  24-inch  Refractor  of  the  Lowell  Observatory." 

E,  B,  Knohel,  '*  On  some  Original  Observations  of  the  Comet 
of  1652." 

E.  J.  Stone,  **  On  the  Determination  of  the  Epoch-correction  of 
an  adopted  System  of  Eight  Ascensions  of  Clock-stars  from  obser- 
vations of  the  Sun,  including  the  Effects  of  Personalities ;  and 
applications  of  the  results  to  the  determination  of  the  Errors  of 
the  Tables  of  the  Sun  and  Moon." 

A.  W,  Roberts,  "An  Investigation  concerning  the  Position- 
error  affecting  Eye-estimates  of  Star  Magnitudes." 

A,  Marth.  "  On  the  Apparent  Disc  and  on  the  Shadow  of  an 
Ellipsoid." 

Badcliffe  Observatory^  Oxford,  "  Observations  of  Comets  1896 
ni.  (Swift)  and  1896  IV.  (Sperra).'' 

A,  F,  Lindemann,  "  An  Improvement  in  Winding  Equatorial 
Clocks." 
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A,  R,  Hinks.  "Preliminary  Note  on  a  Personal  Equation 
depending  on  magnitude  affecting  the  E.A.  of  the  Stars  in  the 
Oambridge  Zone  Qitalogue  of  the  Astronomische  Gesellschaf  t,  and 
its  determination  from  Astrographic  Catalogue  Plates.'' 

The  following  gentlemen  were  elected  Fellows  of  the  Society : — 

John  Franklin-Adams^  Wimbledon. 

Rev.  Sherrard  Beaumont  Burnaby^  M.A.,  The  Vicarage,  Hamp- 
stead,  N.W. 

John  Sisaon  8later,  M.A.,  LL.D.,  Seafield  House,  Lytham,  and 
1  G^arden  Court,  Temple,  E.C. 

Rw,  John  Spence,  27  Walpole  Street,  Chelsea,  S.W. 

The  following  Candidate  was  proposed  for  election  as  a  Fellow 
of  the  Society : — 

Prof.  Henry  C.  Lord,  Director  of  the  Emerson  McMillin  Obser- 
vatory, Ohio  State  University,  Columbus,  U.S.A.  (proposed  by 
Q-eorge  E.  Hale). 


THE  BRITISH  ASTRONOMICAL  ASSOCIATION. 

^HS  fifth  ordinary  meeting  of  the  current  session  of  the  British 
.^Lstronomical  Association  was  held  at  University  College,  Gower 
Street,  on  Wednesday,  March  31,  the  President,  Mr.  JV.  E. 
Green^  F.R,A,S.,  in  the  Chair. 

Four  new  members  were  elected,  and  the  names  of  seventeen 
candidates  for  Membership  were  read  and  suspended.  These 
deluded  thirteen  in  connection  with  a  proposed  new  Branch  in 
35d!elbourne. 

Mr.  Maunder  announced  that  the  Eojal  Botanical  Society  had 
offered  the  Association  a  site  within  their  grounds  for  the  erection 
of  an  astronomical  obsen^atory,  and  that  the  Council  had  that 
qftfternoon  decided  to  accept  the  offer.  The  Council  considered 
that  probably  nowhere  within  London  could  so  good  a  site  be 
dEound  for  an  observatory  as  Eegent's  Park.  A  Committee  had 
been  formed  to  carry  out  the  negotiations,  who  would  report  to 
the  next  Meeting. 

Th>e  President  announced  that  the  next  Meeting  of  the  Asso- 
ciation would  be  held  in  Essex  Hall,  Essex  Street,  Strand,  in  order 
to  give  the  Members  an  opportunity  of  forming  an  opinion  as  to 
the  relative  convenience  of  the  neighbourhood  of  the  Strand  as 
compared  with  their  present  meetiug-place. 

Mr.  J.  Evershed  read  a  paper  explanatory  of  a  spectroscope  for 
solar  prominence  observation  which  he  had  recently  designed,  his 
object  being  to  meet  the  requirements  of  amateurs  and  others 
without  having  recourse  to  complicated  and  expensive  apparatus. 
In  this  spectroscope  the  necessary  dispersion  is  secured  by  the 
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employment  of  two  compound  prisms  made  of  the  densest  silicate 
Jena  glass  supplied  by  Hilger.  These  give  a  very  high  dispersion 
with  excellent  definition.  A  novel  feature  in  the  design  is  the  use 
of  a  plane  mirror  placed  behind  the  first  prisra,  which  reflects  the 
light  back  at  an  angle  of  about  35°  into  the  second  prism  and 
observing  telescope.'  The  mirror  is  movable  by  a  screw  in  the 
plane  of  dispersion,  the  centre  of  motion  being  so  placed  that  the 
various  coloured  rays  emerging  from  the  first  prism  are  reflected 
into  the  second  prism  centrally  and  at  their  appropriate  angles  of 
incidence.  A  position  can  be  found  for  this  axis  which  satisfies 
the  conditions  exactly.  The  prisms,  therefore,  are  fixed,  and  no 
motion  is  required  in  the  observing  t-elescope,  which  is  fixed  per- 
manently in  a  convenient  position  for  observation.  Thus  the 
whole  length  of  the  spectrum  can  be  rapidly  surveyed  by  merely 
turning  the  milled  head  actuating  the  mirror.  The  framework  of 
the  spectroscope  consists  of  three  parallel  and  equidistant  hollow 
steel  rods,  connected  together  by  three  rings  of  cast  aluminium. 
The  rods  pass  through  holes  in  the  castings,  the  latter  being  held 
firmly  in  position  by  set  screws.  The  collimator  and  telescope 
are  screwed  into  brass  plates  attached  to  the  central  ring,  and  the 
prisms  and  mirror  are  arranged  in  a  circular  disc  of  hard  wood 
attached  to  two  of  the  rods,  between  the  second  and  third  rings. 
The  brass  plate  to  which  the  small  telescope  is  screwed  projects 
from  the  central  ring  at  an  angle  of  about  35°,  and  is  stayed  with 
sheet  brass  to  the  prism  table,  so  as  to  secure  perfect  freedom  from 
flexure  in  all  positions.  When  the  instrument  is  attached  to  an 
ordinary  refracting  telescope  for  solar  observations,  the  ends  of 
the  three  steel  rods  fit  into  long  holes  in  a  brass  collar,  which  fits 
on  the  rack-tube,  and  are  firmly  clamped  in  position  by  thumb- 
screws. The  principal  advantages  of  the  design  are:  (i)  com- 
pactness and  strength  combined  with  minimum  weight,  the  instru- 
ment weighing  only  3  lbs.;  (2)  simplicity  of  the  adjustments,  the 
range  of  the  instrument  being  limited  to  the  visible  spectrum,  no 
focussing  is  required  for  the  collimator ;  (3)  rapidity  with  which 
the  whole  spectrum  can  be  surveyed ;  (4)  freedom  from  distortion 
— the  prisms  being  direct- vision,  the  spectrum  lines  are  undistorted 
images  of  the  slit. 

Mr,  Maunder  observed  that  Mr.  Evershed's  instrument  was  a 
marvellously  compact  and  handy  one. 

Four  papers  dealing  with  Jupiter  were  then  read.  **  Jupiter  in 
Perfect  Definition,"  by  Mr.  Henry  MacEwen ;  "  The  Present  Aspect 
of  Jupiter,"  by  the  Rtv.  W.  B,  Waugh ;  "  The  Eecording  of  Eye- 
estimate  Transits  of  prominent  Jovian  Spots,"  by  Mr,  MacEwen; 
and  "  The  North  Equatorial  Belt  of  Jupiter,"  by  the  Bev.  W.  R, 
Waugh, 

The  President  read  his  Report  of  the  Saturn  Section  for  1896, 
and  Mr,  Fetrie  read  an  Interim  Report  of  the  Mercury  and  Venus 
Section  by  the  Director,  Mr.  Henry  MacEwen.  The  Director 
especially  alluded  to  a  series  of  drawings  of  Venus  by  the  Rev.  T* 
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H,  FoulkeSj  made  in  Malta,  which  he  considered  ope  of  the  finest 
series  of  drawings  ever  made  of  Venus. 

Mr,    Maunder    read    a    paper    by    Iferr    Brenner    criticisiog 
Mr.  Lo well's  recent  papers  on  the  Eolation  Period  of   Venus. 
Herr  Brenner  compared  two  drawings  of  Venus,  one  by  Herr  W. 
Yilliger,  of  May  31,  1896,  and  the  other  by  M.  Stuyvaert,  of 
March   4,  1892,   from   which   he   deduced   a  rotation- period  of 
23^  57™  36"'3 7 7 28,  which  agreed  very  exactly  with  the  mean  of 
his  14  most  reliable*  drawings,  viz.  23**  57*"  36'*2396,  and  argued 
that  a  mere  accidental  agreement  was  highly  improbable.     Con- 
sidering these  facts  it  was  incomprehensible  how  there  could  still 
be  partisans  of  the  rotation  period  of  2247  days.     The  writer 
proceeded  to  say  that  Venus  had  never  before  been  observed  under 
such  unfavourable  circumstances  as  by  Mr.  Lowell.      An  inex- 
perienced observer,  an  unsuitable  telescope,  an  unhappily  chosen 
eyepiece,  a  very  small  diameter  of  the  planet,  observed  with  an 
insuflScient    power,   a    low    declination,    all    together   explained 
ISlr.  Lowell's  pecuHar  drawings,  which  resembled  rather  a  col- 
lection of  Chinese  coins  than  our  nearest  planetary  neighbour. 

Capt.  Noble  said  that  Mr.  MacEwen  had  not  referred  in  his 
JTeport  to  the  rotation  period,  but  the  observation  made  by 
IMr.  Foulkes  of  a  well-defined  hump  like  a  lunar  mountain,  which 
disappeared  in  forty  minutes,  seemed  inconsistent  with  the  long 
xotation  theory. 

Mr.  Griffiths  said  that  he  could  always  see  most  unmistakable 
xnarkings  on  Venus  whenever  he  observed  her.  He  thought  Herr 
TBrenner's  remarks  on  Mr.  Lowell's  observations  were  not  quite 
fair. 

Mr,  Crommelin  remarked  that  there  was  a  difficulty  in  recon- 
ciling the  long  period  of  rotation  with  the  fact  that  Venus  was 
probably  a  young  planet,  comparable  at  any  rate  with  the  Earth 
as  to  age.  Assuming  that  the  two  planets  began  life  with  a  similar 
rotation  period,  it  was  almost  inconceivable  that  the  solar  tides 
should  have  been  capable  of  lengthening  it  to  225  days. 

Mr.  Holmes  said  that  a  good  deal  of  the  paper  would  be  well 
worth  reading  again,  substituting  "  Herr  Brenner "  where  they 
had  read  "  Lowell,"  and  "  Mars  "  where  they  read  "  Venus." 


EOYAL  METEOEOLOaiCAL  SOCIETY. 

The  Monthly  Meeting  of  this  Society  was  held  on  Wednesday 
evening,  the  2  ist  April,  at  the  Institution  of  Civil  Engineers,  Great 
George  Street,  Westminster,  Mr.  E.  Mawley,  F.B.H.S.,  President, 
in  the  Chair. 

Mr.  W.  H.  Dines  read  a  paper  "  On  the  Eelation  between  Cold 
Periods  and  Anti-cyclonic  Conditions  of  Weather  in  England  during 
the  Winter."     There  seems  to  be  a  generally  accepted  belief  that 
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anticyclonic  conditions  during  the  winter  are  likely  to  be  accom- 
panied by  exceptional  cold ;  but  in  so  far  as  England  is  concerned 
the  author's  obser?ation  has  led  him  to  the  opposite  conclusion ; 
and  he  always  expects  a  frost  to  break  up  as  soon  as  the  barometer 
gets  much  above  30*00  inches.  To  test  the  truth  of  this  theory 
he  tabulated  the  height  of  the  barometer  during  all  the  cold 
periods  during  the  three  winter  months  of  the  fifty  years  1841-90. 
Out  of  74  frosts,  he  found  that  16  only  had  a  pressure  exceeding 
30*20  inches,  and  the  majority  of  these  were  of  very  short  dura- 
tion. Thirty-three,  or  less  than  half,  had  a  pressure  exceeding 
30-00  inches.  Twenty-one  had  a  pressure  below  29*80  inches,  and 
these  included  almost  every  frost  in  the  period  remarkable  for  its 
length  or  severity. 

A  paper  by  jkr,  A.  Lawrence  Botch,  of  the  Blue  Hill  Observa- 
tory, Mass.,  was  read  describing  the  use  of  kites  at  that  observa- 
tory to  obtain  meteorological  records  in  the  upper  air.  Three 
kinds  of  kites  have  been  used,  viz. :  i,  the  Malay  kite,  which 
presents  a  convex  surface  to  the  wind ;  2,  the  Hargrave  cellular 
kite ;  and  3,  a  flat  kite  with  a  fin  or  keel  on  the  front  devised  by 
Mr.  Clayton.  These  kites  are  attached  to  a  wire  carrying  self- 
recording  meteorological  instruments,  and  a  steam-winch  auto- 
matically distributes  the  wire  on  the  drum  and  records  its  pull. 
The  instmments  have  been  elevated  more  than  one  hundred  times, 
and  valuable  meteorological  data  as  to  the  changes  of  temperature, 
humidity,  and  wind  up  to  an  extreme  altitude  of  8740  feet  above 
Blue  Hill  have  been  obtained. 

A  paper  by  Mr.  A.  B.  Macdawall  on  "  Suggestions  of  Sun-spot 
influence  on  the  Weather  of  Western  Europe  "  was  also  read.  The 
author  believes  that  there  is  a  tendency  to  greater  heat  in  the 
summer  half-year,  and  to  greater  cold  in  the  winter  half-year  near 
the  phases  of  minimum  sun-spots  than  near  the  phases  of  maxi- 
mum ;  the  contrast  between  the  cold  and  heat  of  the  year  thus 
tending  to  be  intensified  about  the  time  of  minimum  sun-spot;s. 


The  Great  Meteoric  Shower  of  November. 

[Continued  from  p.  169.] 

The  radiant-point  of  the  meteoric  shower  of  1866,  from  a  mean  of 
six  observations  by  Adams,  Baxendell,  Brunnow,  Challis,  J.  F. 
Herschel,  and  A.  S.  Herschel,  was  at  149°  12'  +23°  i',  while  the 
position  of  the  cometary  radiant  lies  at  i5o°*5  H-23°*5  according  to 
the  computations  of  Prof.  A.  S.  Herschel.  The  agreement  in  place 
is  very  satisfactory  considering  the  character  of  the  observations 
upon  which  the  former  radiant  is  based.  The  theoretical  meteor- 
speed  is  44  miles  per  second,  and  this  approximately  accords  with 
the  observed  velocity,  but  the  latter  feature  is  extremely  diflicult 
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to  determine  with  any  approach  to  accuracy.  These  meteors 
belong,  in  fact,  to  the  swiftest  class  of  these  bodies,  as  they  are 
moving  from  that  point  towards  which  the  Earth  is  travelling  in 
her  orbit.  This  is  about  90  degrees  preceding  the  Sun  along  the 
ecliptic,  and  is  known  (since  Prof.  Pritchard  first  employed  the 
expression)  as  the  apex  of  the  Earth's  way.  The  observed  or 
apparent  speed  of  the  meteors  is  therefore  a  combination  of  the 
orbital  motion  of  the  meteors  (about  26  miles)  and  of  the  Earth 
(about  18  miles). 

When  important  discoveries  are  announced,  or  any  remarkable 
conclusions  drawn  from  existing  observations,  it  is  generally  the 
case  that  they  meet  with  serious  opposition  if  not  virulent  criticism. 
Prof.  Schiaparelli's  views  on  the  close  association  of  comets  and 
meteors  were,  however,  strengthened  by  the  able  and  concise 
researches  of  Newton  and  Adams,  supported  by  many  connected 
facts  of  unequivocal  kind  and  by  agreements  in  orbital  elements 
which  could  not  be  regarded  as  fortuitous,  so  that  they  do  not 
appear  to  have  encountered  much  antagonism  or  unfavourable 
comment.  The  concluded  relationship  of  comets  and  meteors  was 
acknowledged  to  be  a  legitimate  deduction  from  observed  facts, 
hence  the  critic  was  disarmed  and  the  ground  cut  away  from  under 
the  feet  of  sceptics. 

Schiaparelli's  views  were  briefly  enunciated  in  the  *  Monthly 
Notices,'  vol.  xxxii.  p.  194  et  seqq.  He  says  that  "small  bodies 
forming  cosmical  clouds  probably  occupy  a  large  portion  of  the 
celestial  spaces  and  that  the  motion  of  these  dust  clouds  may  be 
similar  to  that  of  the  fixed  stars.  When  attracted  by  the  Sun 
they  are  not  visible  unless  they  receive  an  orbit  which  is  an 
elongated  conic  section.  Whatever  may  have  been  the  original 
form  of  the  cloud  it  cannot  penetrate  far  into  our  system  without 
assuming  the  form  of  an  elongated  cylinder  passing  gradually  into 
a  stream  of  particles.  The  number  of  such  streams  seems  to  be 
very  'great.  The  particles  are  so  scattered  that  their  orbits  may 
cross  each  other  without  interruption  and  may  possibly  be  always 
changing  like  the  beds  of  rivers.  The  stream,  after  passing 
its  perihelion,  will  be  more  diffuse  than  before,  and  when  passing 
a  planet  may  be  so  violently  affected  as  to  separate  or  break  up, 
and  even  some  particles  may  assume  quite  a  new  orbit  and  be- 
come independent  meteors."  In  explanation  of  diffuse  radiation, 
Prof.  Schiaparelli  remarks  that  a  cloud  of  meteors  having  been 
deflected  from  its  originally  parabolic  orbit  into  one  of  moderate 
period  by  perturbation  from  a  large  planet,  the  foremost  and 
dwiftest  particles  of  the  swarm  will  gain  on  the  slowest,  with  the 
ultimate  result  that  the  stream  will  be  continuous  throughout  the 
ellipse.  Should  the  two  ends,  before  reuniting,  suffer  further 
disturbance  from  planetary  action,  the  front  end  of  the  wreath  will 
outlie  the  rear  end,  and  the  stream  will  assume  the  form  of  a 
spiral  curve  of  a  single  coil.  Succeeding  revolutions  will  add 
further  coils  and  the  ^'  wreath  of  meteorpids,  without  losing  its 
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continuity,  will  become  a  belt  of  many   strands   overlying   and 
interlacing  with  each  other."    (See  B.  A.  Report,  1871,  p.  45.) 

It  is  true  that  Schiaparelli  was  not  the  first  to  infer  that  an 
alliance  existed  between  comets  and  meteors.  Several  writers 
had  indeed  pointed  out  that  the  group  of  meteors  through  which 
the  Earth  passed  in  1799  *^^  ^^Z3  must  have  formed  a  body 
similar  to  that  of  a  comet.  In  the  *  Danville  Review '  of  December 
1 86 1  Prof.  Kirkwood,  of  Indiana,  gave  his  opinions  as  follow  : — 

1.  That  meteors  and  meteoric  rings  are  the  debris  of  ancient 

but  now  disintegrated  comets,  whose  materials  have  become 
distributed  around  their  orbits. 

2.  That  the  separation  of  Biela's  comet  as  it  approached  the 

Sun  in  December  1845  ^^^  ^^^  0^®  ^^  ^  series  of  similar 
processes,  which  would  probably  continue  until  the  indi- 
vidual fragments  would  become  invisible. 

3.  That  certain  luminous  meteors  have  entered  the  solar  system 

from  the  interstellar  spaces. 

4.  That  the  orbits  of  some  meteors  and  periodic  comets  have 

been  transformed  into  ellipses  by  planetary  perturbation. 

5.  That  numerous  facts,  some  observed  in  ancient  and  some  in 

modern  times,  have  been  decidedly  indicative  of  cometary 
disintegration. 

In  effect,  this  is  a  pre-conception  of  the  theory  modelled  and 
elaborated  by  Schiaparelli  a  few  years  later,  but  there  is  a  con- 
siderable distinction  between  the  two  researches.  While  Kirkwood 
broached  it  simply  as  a  theory  without  facts  and  calculations 
adequate  to  support  it,  Schiaparelli  gave  it  as  a  definite  conclusion, 
based  on  reliable  data  and  mathematical  deductions  which 
practically  demonstrated  it.  We  must  remember,  however,  that 
at  the  time  Kirkwood  wrote,  the  principal  facts  utilized  by 
Schiaparelli  were  unknown,  for  neither  the  comet  of  the  August 
meteors  (1862  III.)  or  the  comet  of  the  November  meteors  (1866 1.) 
had  been  seen  nor  had  the  bright  meteor-showers  of  August  and 
November  in  the  years  from  1863  to  1866  been  observed.  Thus 
Schiaparelli  had  the  advantage  not  only  of  considering  the  views  of 
previous  labourers  in  this  field,  but  could  avail  himself  of  new 
materials  which  were  of  the  utmost  significance.  The  opportunity 
was  a  remarkable  one  and  Schiaparelli  accepted  it.  Marshalling 
his  facts  in  proper  array  he  brought  the  skill  of  the  mathematician 
and  the  reasoning  of  the  logician  to  bear  upon  them  successfully. 
He  proved  himself  the  man  for  the  hour. 

When  Tempel's  comet  (1866  I.)  was  found  to  be  the  virtual 
progenitor  of  the  November  meteor-shower,  a  large  amount  of 
attention  was  directed  towards  the  observations  which  had  been 
secured,  and  the  orbit  received  careful  investigation.  Dr.  Oppolzer 
of  Vienna,  computed  definitive  elements,  which  showed  that  the 
perihelion  was  reached  at  a  point  just  inside  (2,200,000  miles)  the 
Earth's  orbit,  while  the  aphelion  was  situated  outside  the  orbit  of 
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Uranus.  The  periodic  time  of  revolution  he  gave  as  33  years  and 
65  days.  Prof.  Newton  suggested  that  the  comet  of  1366  was 
probably  identical  with  it,  and  it  has  been  supposed  that  the  comet 
of  1 133,  observed  in  China,  might  represent  a  still  earlier 
apparition.  The  ancient  comets  referred  to  were  of  considerable 
brilliancy,  whereas  Tempel's  comet  of  1866  was  decidedly  faint,  so 
that  were  the  three  objects  identical  a  great  decrease  of  size  must 
have  been  effected,  probably  by  a  process  of  dissolution  involving 
a  great  waste  of  material. 

The  interval  oi  five  centuries  between  the  comets  of  1366  and 
1866  represents  a  mean  period  of  33*28  years  from  15  returns, 
which  is  38  days  in  excess  of  that  found  by  Oppolzer.  Kirk  wood 
points  out  that  "  with  this  value  of  the  periodic  time  and  the 
known  secular  variation  of  the  node,  it  is  found  that  the  comet 
and  Uranus  were  in  close  proximity  about  the  beginning  of  the 
year  547  B.C.  It  is  therefore  not  improbable  that  the  former  was 
then  thrown  into  its  present  orbit  by  the  attraction  of  the  planet. 
The  comet  will  make  a  near  approach  to  the  Earth  about  the  i6th 
or  17th  November,  1965,  and  to  Uranus  in  1983.  At  one  of 
these  epochs  the  cometary  orbit  will  probably  undergo  considerable 
transformation."  These  views  are  rendered  very  doubtful  by  the 
great  uncertainty  attaching  to  the  elements  of  the  comet  of  1366, 
which  was  only  observed  roughly  on  a  few  nights,  so  that  its 
identity  with  that  of  1866  is  far  from  being  proved.  The  annexed 
diagram  (p.  200),  from  *  Popular  Astronomy,'  March  1897,  repre- 
sents the  past  and  present  orbits  of  the  November  meteor  comet. 

Le  Verrier  considered  it  probable  that  the  comet  was  drawn 
into  its  present  orbit  by  the  action  of  Uranus,  to  which  it  made  a 
near  approach  in  the  spring  of  the  year  126  of  the  Christian  era. 
Further  observations  of  the  comet  and  meteors  during  their 
ensuing  return  in  about  1899  will  enable  this  point  to  be  re- 
investigated on  more  satisfactory  lines.  The  comet  will  probably 
pass  its  perihelion  in  April,  and  ought  to  be  observed  in  February, 
though  the  conditions  affecting  the  return  are  not  so  favourable  as 
those  which  prevailed  in  the  winter  of  1865-66,  when  the  Earth 
and  comet  were  near  together  on  the  same  side  of  the  Sun.  The 
comet,  though  undoubtedly  a  faint  object,  will  scarcely  be  able  to 
elude  the  diligent  search  that  will  be  made  for  it  with  some  of  the 
large  telescopes  now  existing.  It  may  now,  of  course,  have  become 
really  fainW  and  less  compact  than  in  1866  by  the  further  dis- 
persion and  exhaustion  of  its  materials,  for  that  comets  do  exhibit 
signs  of  progressive  physical  decadence  seems  very  probable  from 
the  evidence  afforded  by  Halley's  comet,  amongst  others,  the 
splendour  of  which  in  ancient  times  offers  a  strong  contrast  to  its 
moderate  brightness  at  modem  returns. 

Conspicuous  displays  of  Leonids  appear  to  have  ceased  after 
1869,  but  the  habitual  observers  of  meteors,  as  they  pursued  their 
watches  at  the  middle  of  November,  never  failed  to  recognize  some 
indications  of  the  shower's  return.    As  regularly  as  the  epoch 
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came  round,  a  few  bright,  swift,  streak-leaving  meteors  appeared 
amongst  the  stars  of  Gemini,  the  Lynx,  Ursa,  Draco,  andf  Virgo, 
and  attested,  by  the  directions  of  their  flights,  the  activity  of  the 
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well-known  radiant  in  the  sickle  of  Leo.  To  summarize  all  the 
observations  since  1869  would  afford  no  useful  purpose,  and  it 
will  be  sufficient  to  quote  a  few  of  the  results  as  specimens  of  the 
whole : — 

h   m       h   m 

1870,  Nov.  13 1410101715     21  Leonids  seen  by  Prof.  A.  S.  Herschel 

at  G-lasgow. 
14 12     o  to  17  33     53  meteors  observed  by  5  observers  at 

Greenwich.    45  of  these  were  mapped, 

and  included  28  Leonids. 
i87i,Nov.  12 10  15  to  18  30     55  meteors,  of  which  20  were  Leonids, 

observed  by  S.  J.  Perry  at  Stonyhurst 

College. 

{II  30  to  13  30")  42  meteors,  including  14  Leonids,  seen 
14     o  to  14  30  I      at  Harkhurst  inKent. 

14 16    otoi8     o     32  meteors,  26  of  them  Leonids,  seen  by 

Prof.  A.  S.  Herschel,  Newcastle-on- 
Tyne. 

1872,  Nov.  13 12     otoi8     o    638  meteors  counted  by  several  observers 

at  Matera,  Italy.  The  display  much 
brighter  than  usual  this  year. 

1875, Nov. II  &  14.  32  meteors  (13  Leonids)  seen  at  Stony- 

hurst. 26  meteors  (11  Leonids)  seen 
in  4  hours  on  November  14  at  Q-reen- 
wich. 

1877,  Nov.  13 13  55  to  15  45     54  meteors,  chiefly  Leonids,  seen  by  2 

observers  at  Bloomington,  Indiana 
(Prof.  D.  Kirkwood). 

1879,  Nov.  13 5  30  to  17    o     100  meteors  (18  Leonids)  observed  in 

a  watxjh  of  1 1-^  hours  by  the  writer  at 
Bristol. 
12,13,14     10    o  to  18     o     309  meteors  (104  Leonids)  seen  by  2 

observers  on  the  three  nights  at 
Stonyhurst. 

1880,  Nov.  II&I2.  12  Leonids  recorded  by  Sawyer  at  Cam- 

bridge, Mass. 

1885,  Nov.  14,  15,  114  meteors  (11  Leonids)  seen  in   10 

16,  17.  hours  by  the  writer  at  Bristol. 

1887,  Nov.  14 12  30  to  17  15     29  meteors  (7  Leonids)  seen  in  3^  hours 

by  the  writer  at  Bristol. 

1888,  Nov.  13 15  30  to  18    o    29  meteors  (17  Leonids)  seen  in  2ihour» 

by  the  writer  at  Bristol. 

1 890,  Nov.  13&14  31  meteors  (14  Leonids)  seen  in  3^  hours 

by  Backhouse  at  Sunderland. 

1895,  Nov.  12,  13,  96  meteors  (34  Leonids)  seen  in  9^  hours 

16, 17.  by  Corder  at  Bridgwater. 

13 1 1  30  to  1 5  40    34  meteors  (16  Leonids)  seen  in  4^  hours 

by  Blakeley  at  Dewsbury. 

1896,  Nov.  13 14    o  to  17  20    33  meteors  (15  Leonids)  seen  in  3^  hours 

by  Corder  at  Bridgwater. 
14 14    o  to  18  15     66  meteors  (43  Leonids)  seen  in  4  hours 

by  Corder  at  Bridgwater. 
14 12     o  to  18    o    46  meteors  (34  Leomds)  seen  in  6  hours 

by  Prof.  A.  S.  Herschel  at  Slough. 

In  1896  the  shower  exhibited  a  well-defined  increased  in  num- 
bers as  compared  with  the  figures  for  1895.  ^"^  ^^®  display  was 
not  a  brilliant  one,  the  horary  number  of  Leonids  being  only  8  or 
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lo,  for  one  observer,  at  the  richest  tune,  viz.  the  morning  of 
November  15.  Summaries  of  observations  in  1895  and  1896  will 
be  found  in  the  *  Monthly  Notices/  vol.  Ivi.  p.  255,  and  vol.  Ivii. 

p.  277. 

It  is  evident  from  the  circumstance  that  every  November  brings 

its  Leonids,  many  or  few,  that  this  system  of  meteors  forms  a 
continuous  ellipse,  though  the  particles  appear  to  be  irregularly 
distributed  and  to  be  by  no  means  numerous  in  certain  parts. 
But  even  at  that  portion  of  the  orbit  opposite  to  the  place  of  the 
parent  comet,  there  are  sufficient  fragments  to  constitute  a  well- 
defined  meteoric  shower.    In  presence  of  the  facts  deduced  from 
observation  it  is  difficult  to  understand  the  statement   recently 
made  by  Dr.  G.  J.  Stoney,  that  "  the  meteors  being  not  yet,  as 
they  undoubtedly  would  be  in  course  of  time,  drawn  out  into  a 
continuous  band  extending  all  round  their  orbit,  was  in  favour  of 
their  recent  origin — that  was,  recent  from  a  cosmical  point  of 
view — and  a  very  accurate  determination  of  their  orbit  might 
enable  the  hypothesis  to  be  verified  "  ('  English  Mechanic,'  vol.  Ixv. 
p.  32).    Though  the  meteors  do  extend  fdl  round  the  orbit  they 
are  not  so  evenly  distributed  as  the  Perseids,  and  probably  had  a 
more  recent  introduction  into  our  system.     But  the  Leonids  may 
have  formed  a  fine  display  many  ages  before  the  first  historical 
record  of  them  1000  years  ago.     As  early  as  the  years  931  and  934 
the  stream  was  so  distended  that  the  richer  portion  apparently  oc- 
cupied 3  years  in  crossing  the  point  of  intersection  with  the  Earth's 
orbit.     Even  then,  as  now,  the  stream  may  have  been  complete, 
for  we  have  no  evidence  to  the  contrary.     Prom  the  observed 
dispersion  of  the  swarm  in  931-4  we  are  warranted  in  assuming 
that  it  came  permanently  into  the  solar  system  at  a  comparatively 
remote  period,  and  long  before  the  meteoric  group  of  Biela's  comet. 
Some  of  the  other  leading  showers  are  undoubtedly  older  than 
the  Leonids,  and  among  these  may  be  instanced  the  Quadrahtids, 
Lyrids  *,  Perseids,  Orionids,  and  Geminids,  for  these  show  no  great 
periodical  revivals  such  as  affect  the  Leonids.    At  any  rate  we 
have  little  evidence  that  they  are  grouped  in  enormous  strength 
at  any  particular  region  of  their  orbits.     They  recur  annually  and 
in  fair  abundance,  but  do  not  furnish  meteor- showers  similar  to 
that  seen  at  the  maximum  epochs  of  the  Leonids  or  Andromedes. 
It  must  be  remembered,  however,  that  meteoric  phenomena  have 
only  been  properly  watched  during  a  relatively  short  series  of  years, 
and  that  several  of  the  showers  now  supposed  to  manifest  them- 
selves annually,  without  any  great  periodical  condensation,  may 
have  maxima  at  very  long  intervals  of  time.     Comets  are  known 
to  have  periods  of  revolution  varying  from  3^  to  more  than  100,000 
years,  and  meteoric  systems  probably  display  the  same  diversity  of 
orbit.     This  branch  of  astronomy  having  been  entirely  neglected 

*  The  statement  here  made  must,  perhaps,  be  qualified  as  regards  the  Lyrids, 
for  they  appear  to  have  offered  a  brilliant  display  in  April  1803. 
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before  the  present  century,  it  is  certain  that  we  can  learn  little 
more  from  the  records  of  the  past  than  has  been  already  gleaned, 
bat  must  appeal  to  the  patient  and  accurate  obsenration  of  the 
future  to  clear  up  all  doubtful  points.  W.  P.  Dbniokg. 

[To  be  continued.] 


The  Appearance  of  HaUey's  Comet  in  a.d.  141. 

In  the  tenth  volume  of  the  *  Monthly  Notices '  the  late  Dr.  Hind 

has  traced  the  history  of  nancy's  Comet,  and,  incidentally  to  this 

research,  he  compared  the  elements  of  its  orbit  with  observations 

made  by  the  Chinese.     Among  the  earlier  apparitions  of  the  comet 

is  mentioned  the  one  that  took  place  in  a.d.  141.     Dr.  Hind  took 

his    data  from  the  work   of    Pingr^   ('  Com^tographie,'  tom.  i. 

fol.  292);  he  showed  that  the  elements  of  the  comet  of  a.d.  1066 

(T^hich  is  Halley's  Comet)  would  satisfy  the  observations  recorded 

in  the  Chinese  Annals,  but,  as  was  usi^  with  him,  he  did  not  give 

^DL  exact  account  of  his  fundamental  data  and  methods  of  dis- 

-<5U8sion,  thereby  leaving  his,  otherwise  very  valuable,  investigations 

incomplete.     My  own  researches  in  a  similar  field  have  confirmed 

"the  general  accuracy  of  most  of  the  results  obtained  by  Hind ;  but 

my  investigations  have  been  pushed  a  step  farther,  giving  the 

limits  between  which  the  elements  of  the  various  comets  may  vary ; 

and  when  occupied  with  the  record  of  the  comet  of  a.d.  141,  my 

<liscussion  of  the  observations  and  the  calculation  of  the  elements 

has  given  probability  to  the  supposition  that  Dr.  Hind  made  his 

calculation,  not  from  a  judicious  discussion  of  the  observations, 

but  that  he  in  the  first  place  assumed  the  apparition  to  have  been 

really  a  return  of  Halley's  Comet,  deducing  a  set  of  elements 

which  would  satisfy  the  observations  and  which  at  the  same  time 

resemble  closely  those  of  Halley's  Comet.    Dr.  Hind's  probable 

method  is  the  one  generally  pursued  in  tracing  the  history  of  the 

comet,  but  while  in  this  instance  it  has  given  a  correct  result,  it 

cannot  be  always  recommended,  it  being  certainly  better  to  discuss 

the  observations  themselves  and  to  deduce  the  probable  elements 

from  them.     A  case  in  point  is  the  comet  observed  in  the  year 

1668,  the  observations  having  been  made  by  certain  Jesuits  of  the 

Collegio  Eomano,  while  stationed  in  G-oa.     We  have  a  calculation 

of  the  orbit  by  Henderson,  and  I  have  deduced  some  elements 

which  satisfy  in  a  more  or  less  degree  the  observations,  but  do  not 

satisfy  me,  and,  last  of  all,  it  has  been  shown  that  the  elements  of 

the  great  comet  of  1843  will  completely  satisfy  these  positions. 

Of  course  when  only  two  observations  are  available  it  is  the  only 

course  to  pursue,  unless,  indeed,  the  laborious  method  of  trial,  by 

assuming  different  values  for  Olbers'  M,  be  resorted  to. 

The  comet  observed  by  the  Chinese  in   a.  d.  141   is  in  fac 
Halley's  Comet;  and  as  at  present  some  astronomers  are  occupying 
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themselves  with  completely  working  up  the  history  of  this  most 
celebrated  comet,  it  may  be  of  interest  to  them  to  have  some 
indications  in  regard  to  one  of  its  earlier  apparitions.  I  her© 
make  public  the  statement  of  the  early  observations,  a  catalogue  of 
the  stars  composing  the  Chinese  stellar  divisions  in  which  the 
comet  was  seen,  and  the  possible  elements  of  the  orbit  as  deduced 
from  these  observations.  From  time  to  time,  when  my  investi- 
gations of  Chinese  observations  will  allow  me  to  do  so,  I  shall 
publish  similar  accounts  with  regard  to  the  other  apparitions  of 
Halley's  Comet. 

The  following  is  the  record  of  the  observations  of  this  comet : — 
"  In  the  year  6th  of  the  epoch  Young-ho,  the  2nd  Moon,  the 
day  Ting-ge,  a  comet  was  seen  in  the  east.  Its  length  was  6  or  7 
cubits  and  its  colour  was  a  bluish  white.  It  pointed  to  the: south- 
west to  Ting-si,  extending  to  Fan-mou.  The  day  Ting-cao  the 
comet  was  about  one  degree  in  Koui-siou,  its  length  was  6  cubits. 
The  day  Kwd-wai  it  was  to  the  north-west.  It  passed  through 
the  Maou-siou  and  Py-siou.     The  day  Kya-sin  it  entered  the 

V 

eastern  part  of  Tsing-siou,    It  passed  through  Lieou-siou,  Cangsiou^ 
into  the  middle  of  Eien-yuen,  and  then  disappeared." 

The  epoch  Young-7io  is  the  period  a.d.  i 36-1 41,  hence  the  6tb. 
year  is  a.d.  141.    For  the  times  of  observation  we  find : — 

2nd  Moon,  day  Ting-Qe :       March  27th. 
da,y  Ting- Qao:    April  1 6th. 
daj  Kwei-tvai:     April  22nd. 

day  Kyor-Sini      April  23rd. 

As  to  the  stellar  groups  and  divisions,  we  have  the  following  : — 

Ting-si  is  the  Sisiou  and  is  defined  by  a  and  /3  Pegasi. 

Fa'nr^rnou  are  the  four  stars  y,  (,  rji  ir  Aquarii. 

Kouirsiou  is  formed  by  the  stars  ij,  (,  i,  c,  5,  tt,  r,  /x,  and  j3  Andro- 
medse,  c,  r,  X,  v,  0,  x>  ^  Piscium. 

The  Maou-siou  are  the  Pleiades. 

Py-giou  is  determined  by  a,  y,  I,  6,  6,  X,  and  a-  in  Taurus. 

Tsing-siou  is  a  very  extensive  domicile  constituted  by  /x,  y,  y,  f^ . 
€,  df  f ,  X  Geminorum. 

The  Lieou-siou,  identical  with  the  Hindu  A^lesd,  is  constituted 
by  ^,  €,  f ,  w,  0,  p,  ij,  a  HydrsB. 

The  Cang-siou  is  determined  by  (L  X,  u,  k,  v  HydrsB.  (Williams, 
in  his  '  Observations  of  Comets,'  Jjondon,  1871,  has  copied  an 
error  committed  by  Biot,  wTiting  p^  HydraB  in  place  of  v  Hydrse.) 

Under  the  apellation  Hien-yuen  are  comprehended  the  following^ 
stars  :  p,  o,  a,  ij,  ^,  /x,  e,  k,  a,  and  10  Leonis  Minoris. 

Prom  these  extremely  rough  data  the  elements  had  to  be  derived. 
The  only  passably  satisfactory  observations  are  the  first  three,  of 
which  the  first  is  very  uncertain ;  and  then  the  most  serious  source 
of  error  is  in  the  times  of  observation,  which  may  be  in  error  as  much' 
as  one  day  either  way.    Hence  the  calculations  had  to  be  made  with 
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'three  different  sets  of  solar  co-ordinates,  besides  having  to  take 
into  account  possible  errors  in  the  geocentric  positions  of  the 
«omet.  The  work  was  very  considerable  and  not  very  satisfactory 
in  its  results,  but  still  grouping  the  resulting  elements  in  such  a 
way  as  to  leave  no  doubt  of  its  identity  with  Bailey's  Comet. 
While  the  identity  can  be  considered  established,  I  do  not  consider 
myself  as  free  from  the  obligation  to  extend  and  perfect  the 
'discussion,  a  work  which  I  have  to  defer  to  some  other  day,  and 
which  will  be  most  profitably  undertaken  when  all  the  appearances 

of  Halley's  Comet  can  be  treated  as  a  whole. 

The  following  are  the  mean  values  of  the  co-ordinates  of  the 

'first  three  observed  positions,  as  referred  to  the  equinox  of 

'A.D.  141*0 : — 

A.D.  141  March  27-5  Paris  M.T.  a,  ==  3i3°±6°     I,  =  —f±^'' 
„       April  16-5        „  a„  =  347''  ^11  =  +14° 

„       April  22*5        „  axx,=    29°  a,„=  +18^ 

The  orbital  element  deduced  from  these  observations  which 
remains  most  constant  is  the  inclination,  which  is  i  =  163°,  t.  e, 

^he  inclination  to  the  elliptic  of  the  orbit  of  Halley's  Comet.    For 

-  the  longitude  of  the  ascending  node  the  extreme  values  may  be 
Ijetween  S  =358°  and  S  =35°i  not  so  very  much  different  from 
the  value  it  has  in  the  real  orbit.     The  value  of  the  argument  of 

-perihelion  has  a  decided  variation  and  may  be  anywhere  between 
w=8o°  and  a>=  170°,  its  mean  being  almost  identical  with  Hind's 
value  (w=i2o°  55').     The  perihelion  distance  comes  out  between 

l^=o'55  and  ^=0*95,  and  the  time  of  the  passage  of  the  perihelion 
may  be  anywhere  between  March  23rd,  a.d.  141  and  April  6th  of 
the  same  year.  If  the  dates  of  observation  were  diminished  by 
about  from  one  third  of  a  day  to  one  day,  the  resemblance  of  the 
orbit  to  that  of  Halley's  Comet  would  be  much  closer.  If  I  may 
be  permitted  an  opiuiou  on  this  subject,  it  is  to  the  effect  that  the 

Ohinese  observations,  however  rough,  will  permit  a  determination 
of  the  passage  of  perihelion  sufficiently  close  to  test  the  results  of 
the  calculation  of  the  perturbations.  Once  determined,  with  all 
possible  exactness,  the  practical  value  of  the  Chinese  observations, 
the  theory  of  the  comet  can  be  entirely  left  to  the  researches  of 
the  computing  astronomer. 

Milan,  Italy.     1 897,  March  9.  Q-USTAVB  RaVENE. 


The  Longevity  of  Astronomers, 

The  longevity  of  astronomers  has  often  been  mentioned  as  a  fact. 
The  Herschels,  the  Cassinis,  and  others  have  certainly  lived  to  great 
ages,  notwithstanding  the  fact  that  their  avocation  necessitated 
irregular  hours  and  exposure  to  night  air  at  all  seasons.  Some 
ftime  ago,  in  order  to  while  away  a  leisure  hour,  I  compiled  a  list  of 
the  names  of  well-known  men  connected  with  astronomy,  who  had 
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lived  beyond  the  allotted  human  span  of  "  three  score  years  and., 
ten."    This  list  was   by  no  means   complete  (the  authorities  I 
consulted  having  been  insufficient  for  me  to  make  an  exhaustive^ 
summary),  but  it  was  very  lengthy ;  and  as  it  may  possibly  have 
some  little  interest,  I  transcribe  a  portion  of  it  here,  without,  how- 
ever, claiming  that  it  proves  anything.    I  have  omitted  all  instances- 
where  the  age  fell  below  80  years.     In  some  cases  the  year  given 
is  a  little  less  or  a  little  more  than  the  exact  age :  thus  J.  IL. 
Mibdler  at  the  time  of  his  decease  was  76  days  short  of  being  Sa- 
years  of  age,  while  W.  Olbers  was  81  years  and  5  months  old* 
It  will  be  observed  that  the  names  included  are  not  always  those 
of  practical  astronomers.    A  very  large  nmnber  might  be  selected- 
of  those  who  died  between  75  and  80,  such  as  Argelander,  Bode, 
Boscovich,  Challis,  James  Cassini,  Derham,  Euler,  Galileo,  Hevelius,- 
John  F.  W.  Herschel,  La  Place,  La  Lande,  Le  Grange,  Maskelyne,.- 
Admiral  Smyth,   T.  W.  Webb,  Lord  Wrottesley,  &c.     There  are 
very  few  men  indeed  who,  like  Jeremiah  Horrocks  (1641,  aet.  22) 
and  W.  Gascoygne  (1644,  aet.  23),  have  died  very  young,  but  left- 
honoured  names  in  astronomical  history. 

The  subject  is  an  interesting  one,  and  it  might  be  useful  to  f orm^ 
a  complete  list  of  the  life-durations  of  the  most  eminent  men  who 
have  successfully  associated  themselves  with  astronomy.  If  the 
exact  dates  of  birth  and  death  were  given,  the  list  would  supply  a 
ready  means  of  reference  to  those  scientific  writers  who  havo 
occasionally  felt  the  want  of  such  information. 


Obiit.  JEt 

Fontenelle,  Bernard  de  . . .  1 7  5  7  1 00 

Herschel,  Caroline  L.    ...  1848  98 

Cassini,  Count  J.  D 1845  97 

Sabine,  Sir  Edward    1883  94 

Mairan,  De     1771  93 

Somerville,  Mary    1872  92 

Santini,  Giovanni   1877  91 

Sharpe,  Abraham   1742  91 

Long,  Dr.  Roger     1770  90 

Airy,  Sir  George  Biddell  .1892  90 

Thales     B.C.  550  90 

Humboldt,  Alex,  von     ...  1859  90 

Bobinson,  Bev.  T.  B.     ...  1882  90 

Bouillaud,  Ismael  1694  89 

Bosenberger,  Prof.  OttoA.  1890  89 

Gautier,  Jean  Alfred 1 8 8 1  88 

Biot,  J.  B 1862  88 

Cassini,  J.  D 1712  87 

Messier,  Charles     1817  87 

Wallis,  J 1703  87 

Brewster,  Sir  David    1868  86 

Halley,  Edmund    1742  86 

Schwabe,  Samuel  Heinrich  1 875  86 

Barlow,  Peter     1862  86 

Pingre,  Alex.  Guy 1796  85 

Longomontanus  1647  85 

Horrebow,  P 1764  85 

Whiston,  William 1752  85 

Bristol,  1897. 


Ohiit,  JEt.. 

Pritchard,  Rev.  Charles...  1893  85 

Maclear,  Sir  Thomas      ...   1879  85 

Hutton,  Dr.  Charles  1823  85 

Dick,  Dr.  Thomas  1857  84- 

Woolhouse,  W.  S.  B.     ...  1893  84 

Newton,  Sir  Isaac  1727  84; 

Le  Monnier,  Peter  Charles  1799  ^4 

Herschel,  Sir  F.  William    1822  84 

Lee,  Dr.  John 1866  83 

Bemouilli,  Daniel  1782  82- 

Troughton,  Edward    1835  82- 

Olbers,  Dr.  William  1840  82- 

South,  Sir  James    1867  82. 

Le  Q^ndre,  Jean    1833  %%. 

Nasmyth,  James 1890  82 

Eratosthenes  b.c.  195  81 

Aristarchus  ?  b.c.  280  81 

Emerson  1882  8r 

MoestUn,  Michael  1631  81 

Maurolico    1575  81 

Bemouilli,  John 1748  81 

Kant,  Immanuel     1804  So 

Lassell,  William     1880  80 

Piazzi,  Joseph     1826  80 

Madler,  J.  H 1874  8o- 

De  Lisle,  Joseph  N 1768  8a 

Bacon,  Roger  1294  8a- 

DeLaHire,  P 1718  8c^ 

W.  E.  DENNiNa. 
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CORRESPONDENCE. 

To  the  Editors  of «  The  Observatory.' 

The  Lunar  Eclipse  of  January  28,  1888. 

Gentlemen, — 

In  Canon  Taylor's  *  Leaves  from  an  Egyptian  Note-Book,' the 
last  chapter  gives  some  extracts  from  the  diary  and  letters  of  one 
of  the  ladies  of  the  party.  Under  date  January  29th  [1888]  she 
says :  '*  We  sat  up  last  night  to  see  the  eclipse  of  the  Moon,  and  it 
was  well  worth  our  while.  The  appearance  of  the  stars  was  most 
wonderful.  They  were  hardly  visible  before  the  eclipse  began, 
owing  to  the  brilliant  light  of  the  Moon.  '  It  was  so  fortunate,' 
as  a  lady  remarked  to  me, '  that  we  happened  to  have  a  full  Moon 
for  the  eclipse.'  The  Moon  darkened  till  nothing  was  left  of  her 
but  a  bronze  disc,  with  a  ruddy  glow  in  the  centre ;  then  the  stars 
streamed  out  in  dazzling  beauty,  and  as  the  light  of  the  Moon 
reappeared,  they  gradually  faded  away  again.  The  whole  popu- 
lation of  Luxor  perambulated  the  village  for  two  hours,  chanting 
prayers  and  beating  tom-toms.  The  next  day  we  got  the  following 
explanation  from  one  of  the  natives :  '  Moon  go  wrong ;  want 
Lord  to  make  Moon  go  straight.  If  Moon  go  wrong,  we  not 
know  when  sow  com,  when  say  prayers.' " 

The  lady  who  thought  it  so  fortunate  that  they  were  favoured 
with  a  full  Moon  at  the  time  of  the  eclipse  was  not  so  observant  as 
Thucydides  (probably  she  was  younger  at  the  time  than  he  was  when 
he  composed  his  Krrjfia  is  ael) ;  for  the  great  historian,  speaking 
(ii.  28)  of  the  solar  eclipse  which  occurred  in  the  first  year  of  the 
Peloponnesian  war,  says  that  the  Moon  was  then  New,  and  that 
it  appears  that  such  a  phenomenon  can  only  take  place  when  this 
is  the  case  {Acnrep  ical  fiovov  ^okci  elvai  yiyveaOai  IvvaTOv), 

Canon  Taylor's  party  were,  however,  fortunate  in  having  a  fiue 
night  (Jan.  28)  in  which  to  witness  an  eclipse  of  long  duration 
(the  totality  lasted  i**  38"),  and  that  in  a  locality  specially  favour- 
able, for  the  Moon  was  nearly  vertical  in  Upper  Egypt  during  the 
first  part  of  the  eclipse.  It  will  be  seen  that,  in  common  with 
other  observers  farther  to  the  north,  they  speak  of  having  noticed 
the  deep-red  colour  in  the  centre  of  the  Moon's  disc ;  and  perhaps  it 
may  not  be  out  of  place  to  refer  here  again  to  Prof.  Filopanti's 
speculations  on  its  cause,  to  which  you  called  attention  in  the 
number  of  the  '  Observatory '  for  March  1888  (vol.  xi.  p.  157.)  He 
strongly  expresses  the  view  that  this  colour  arises  not  only  from 
the  solar  light  refracted  in  its  passage  through  the  Earth's  atmo- 
sphere, but  also  from  some  physical  or  chemical  change  peculiar  to 
the  Moon's  surface,  which  he  conceives,  after  having  been  exposed 
for  a  long  time  to  a  very  strong  direct  solar  light,  to  keep  up  for  a 
while  (as  has  been  noticed  in  other  opaque  bodies)  a  sort  of  phos- 
phorescence.   It  is,  however,  difficult,  on  this  view,  to  understand 
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why  this  deep  red  light  in  the  centre  of  the  Moon's  disc  should  not 
be  seen  on  the  occasion  of  every  lunar  eclipse.  In  some,  for 
instance  that  of  June  lo,  1816,  she  has  become  wholly  invisible. 

Yours  faithfully, 
Blackheath,  1897,  April  5.  W.  T.  JSTSIS. 

The  Lunar  Rclipses  of  1898. 

Gentlemen, — 

No  less  than  three  eclipses  of  the  Moon  visible  at  G-reen- 
wich  occur  within  the  limits  of  next  year,  1898.  This  is  note- 
worthy, inasmuch  as  for  more  than  t\^  o  centuries  and  a  half  such  a 
coincidence  will  not  happen  again.  In  191 7,  indeed,  there  are 
three  eclipses  of  the  Moon,  one  of  which,  that  of  December  28, 
commences  as  the  Moon  sets,  so  there  would  be  three  visible  in 
Ireland  that  year,  but  not  at  Greenwich.  In  past  years  this  has 
occasionally  happened ;  the  last  occasion  being  in  1833,  when  three 
eclipses  of  the  Moon  visible  at  Greenwich  took  place,  as  well  as 
one  of  the  Sun,  about  9  digits  in  magnitude  in  this  country  and 
total  in  Iceland.  Diagrams  of  all  four  will  be  found  on  referring 
to  the  well-known  Francis  Moore's  Almanack  for  that  year. 
Then,  again,  in  1768  and  in  1722  this  maximum  number  of  lunar 
eclipses  was  more  or  less  visible  here;  previously,  in  1544,  when 
three  total  lunar  eclipses  were  more  or  less  visible  at  London. 

Melplash  Vicarage,  Faithfully  yours, 

Bridport,  March  8..  S.  J.  JoHNSON. 

Canals  on  Venus. 
Gentlemen, — 

In  one  of  your  last  numbers  you  have  expressed  your  doubt 
as  to  the  reality  of  the  "  canals  "  Mr.  Lowell  has  drawn  in  his 
chart  of  Venus,  and  Capt.  Noble  did  the  same  in  a  meeting  of  the 
E.A.S.  Well,  I  am  able  to  tell  you  that  on  March  24  I  was  so 
happy  to  see  Mr.  Lowell's  canals  on  Venus,  similar  to  his  chart. 
The  difference  is  only  that  Mr.  Lowell  took  them  for  real  features 
on  the  planet,  while  I  found  the  justification  of  my  suspicion  that 
they  are  but  an  effect  of  unsteady  air.  Observing  on  March  24, 
when  the  air  was  3,  I  made  a  drawing  at  3**  G.M.T.,  which 
contained  several  of  the  faint,  broad,  diffused  streaks  one  generally 
sees  on  Venus.  Half  an  hour  later  the  air  had  become  unsteady, 
the  image  looked  as  though  it  were  seen  through  heated  air,  and 
the  disc  now  resembled  very  much  the  stereotypical  representa- 
tions of  Mr.  Lowell.  An  inexperienced  observer  would  certainly 
have  believed  that  he  saw  narrow  dark  canals,  as  distinct  and 
sharply  defined  as  the  markings  on  the  Moon.  I  waited  until  the 
image  was  calm  again,  and  then  made  a  drawing  (at  4 J*")  with 
air  2 ;  now,  of  course,  all  Lowellian  canals  had  disappeared,  the 
disc  showed  the  usual  streaks,  but  not  the  same  outlines  as  an 
hour  and  a  half  before ;  and  at  55*^  I  made  a  third  drawing  with 


May  1897.]  Observatories.  209 

air  2-3  which  shows  a  further  change  of  the  markings.  To  me  it 
vseems  therefore  an  established  fact,  that  Mr.  Lowell's  chart  does 
not  represent  the  markings  on  Venus,  but  the  false  images  of  his 
refractor.  How  it  was  possible  that  he  was  deceived  in  such  a 
degree  is  explained  in  my  paper  *  The  Rotation  of  Venus,'  in  the 
last  number  of  the  *  Journal  of  the  British  Astronomical  Associa- 
tion.' Tours  faithfully, 

Manora-Sternwarte,  LeO  BbENKEB. 

Lus8inpic(H)lo  (Istrien). 
1897,  April  9. 

[We  print  the  above  as  a  record  of  an  observation  by  Herr 
Brenner,  but  we  do  not  remember  to  have  eocpressed  any  doubt  as  to 
the  reality  of  Mr.  Lowell's  markings,  nor  do  we  now.  "We  are  not 
responsible  for  opinions  mentioned  in  our  reports  of  meetings. 

—Eds.] 


OBSEKVATORIES. 

Habvaed. — The  Annual  Reports  from  the  Harvard  College 
Obsen^atory  have  a  praiseworthy  sameness.  Each  year  Prof.  B.  C. 
Pickering  has  to  announce  an  immense  catalogue  of  work  done 
with  the  many  instruments  under  his  charge,  and  sometimes,  it 
might  perhaps  be  said  often,  to  announce  an  addition  to  the 
equipment.  In  his  last  published  report  just  received,  which 
covers  the  year  ending  1896  September  30,  he  remarks  as  the 
most  important  subject,  in  addition  to  the  usual  routine  work,  the 
completion  of  the  Bruce  Photographic  Telescope,  which,  under  the 
careful  superintendence  of  Mr.  G-errish  and  Prof.  Bailey,  was 
taken,  vid  New  York  and  the  Straits  of  Magellan,  to  Arequipa  in 
Peru,  where  it  was  mounted  and  adjusted,  and  has  been  used  to 
take  386  photographs.  These  are  pictures  of  the  sky  on  the 
same  scale  as  those  of  the  Astrographic  Chart — viz.,  one  millimetre 
to  a  minute  of  arc.  Each  plate  covers  a  region  five  degrees 
square.  Prof.  Pickering  expresses  himself  as  quite  satisfied  with 
the  result. 

The  record  of  work  is  a  continuation  of  the  records  of  former 
reports.  The  East  Equatorial  has  been  used  for  photometric 
observations  of  variable  stars  of  the  Algol  type  and  of  long 
period ;  also  of  the  light- variation  of  lapetus  and  Titan,  and  for 
photometric  observation  of  Jupiter's  satellites  during  eclipse,  in 
^continuation  of  the  series  made  in  previous  years.  The  number 
of  these  observations  now  amounts  to  599. 

With  the  Meridian  Photometer  the  Director  has  made  91,608 
settings  on  144  nights.  This  is  the  largest  number  of  observations 
made  with  this  in  any  one  year  hitherto.  "  About  nine-tenths 
of  the  observations  of  all  stars  of  magnitude  7*5  and  brighter  and 
north  of  —40°  are  completed."  Erom  observations  with  this 
instrument,  Prof.  Pickering  has  detected  in  U  Cephei  a  small 
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secondary  minimum,  with  a  deviation  in  light  of  about  two-tenth*^ 
of  a  magnitude.  Also  he  infers  that  S  Antlie,  which  has  hitherto 
been  regarded  as  of  the  Algol  type,  is  an  ordinary  short-period 
variable  in  which  the  decrease  of  light  is  more  rapid  than  the 
increase.  With  respect  to  observation  with  this  instrument. 
Prof.  Pickering  reiterates  what  he  said  last  year,  that  it  is  more 
expedient  to  make  many  observations  of  any  star  quickly  than  to- 
spend  much  time  on  each  of  a  few. 

With  the  meridian  circle  Prof.  Searle  has  made  2061  observa- 
tions for  the  purpose  of  revision  connected  with  his  reduction  of  the 
zone  —9°  50'  to  —-14°  10'  of  the  Ast.  Gesell.  Catalogue,  on  which 
work  he  is  now  engaged.  It  will  be  remembered  that  the  zone 
+  49°  50'  to  +55°  10',  which  was  allotted  to  Harvard,  has  already 
been  published,  and  Prof.  Eogers  has  nearly  completed  the  printing 
of  the  observations  on  which  this  depends. 

The  other  chief  instruments  of  the  Observatory  are  the  8-incb 
Draper  spectro-photographic  telescope  and  the  Bache  8-inch 
photographic  telescope.  With  the  former  2508  photographs  have 
been  taken ;  with  the  latter,  which  is  at  Arequipa  under  the 
charge  of  Prof.  Bailey,  the  record  is  2770.  All  the  spectra 
photographed  have  been  examined  by  Mrs.  Fleming,  with  the 
result  that  a  large  number  of  objects  having  peculiar  spectra  have 
been  detected.  These  have  been  announced  from  time  to  time  in 
the  Harvard  College  Circulars.  The  list  of  these  discoveries  is  as 
follows  : — Twenty-one  new  variables  discovered  from  the  presence 
of  bright  hydrogen  lines  in  their  spectra,  nine  stars  whose  spectra 
is  of  the  fourth  type  (two  of  these  are  included  in  the  2 1  new 
variables),  three  of  the  fifth  type,  one  new  gaseous  nebula,  one  in 
which  the  hydrogen  hne  Hj3  is  bright,  six  of  which  the  spectra 
are  said  to  be  peculiar,  and  the  hydrogen-lines  have  been  shown 
to  be  bright  on  the  spectra  of  several  known  variables.  Also, 
besides  these,  from  examination  of  the  spectrographs  two  new 
stars.  Nova  Carinae  and  Nova  Normse,  have  been  discovered,  and 
from  examination  of  the  chart  plates  Miss  Wells  discovered  five  new 
variables,  the  most  important  of  which  is  W  Delphini,  a  star  of 
the  Algol  class  having  a  variation  of  271  magnitudes.  The 
Meteorological  Observations  ha^re  been  continued  at  the  yarious 
stations  in  connection  with  the  Observatory.  The  station  at  Blue 
Hill,  12  miles  south  of  Harvard  College  Observatory,  which  i» 
maintained  by  Mr.  Lawrence  A.  Eotch,  but  the  results  from 
which  are  published  in  the  Harvard  Annals,  has  been  secured  by 
a  lease  of  ninety-nine  years  to  the  Harvard  College  authorities. 
It  is  recorded  that  at  the  Arequipa  station  a  most  violent  earth- 
quake occurred  at  five  minutes  past  ten  in  the  morning  of  1896 
June  14,  which  was  about  twenty  hours  before  the  great  tidal 
wave  in  Japan  which  caused  so  much  disaster. 


WiNDSOB,  New  South  Wales. — Mr.  Tebbutt's  Eeport  for  the 
year  1896  opens  vsdth  the  sta,tement:  "The  year  1896  having beeo- 
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characterized  by  a  very  large  number  of  clear  nights,  I  am  enabled 
to  present  an  unusually  good  report  of  work  done."  We  are  in 
the  habit  of  reading  astonishingly  good  reports  from  Mr.  Tebbutt, 
but  we  think  this  present  one  does  warrant  the  use  of  the  epithet 
*' unusually."  Determination  of  time  was  made  on  221  nights,, 
which  entailed  the  observation  of  1495  transits  of  stars.  The 
number  of  nights  of  obsenation  shows  that  the  weather  was  above 
the  average.  The  number  of  observations  of  occultations  of  stars  by 
the  Moon,  which  is  a  special  feature  of  Mr.  Tebbutt's  programme, 
amounted  to  161,  and  is  the  greatest  ever  obtained  by  him  in  any 
year  hitherto.  "  These  comprise  one  hundred  and  thirty-two  dis- 
appearances at  the  dark  and  eleven  at  the  bright  limb,  and  twelve 
reappearances  at  the  dark  and  six  at  the  bright  limb.  The  result* 
of  these  were  sent  to  the  *  Astronomische  Nachrichten.' "  Other 
work  of  this  class  was  the  observation  of  phenomena  of  Jupiter's 
satellites,  43  of  which  were  made,  which  does  not  include  the 
observation  of  the  transit  of  two  remarkable  dark  spots,  and  of 
some  others  across  the  central  meridian.  Besides  these,  with  the 
8-inch  equatorial  and  the  filar  micrometer,  Mr.  Tebbutt  measured 
the  positions  of  eight  of  the  minor  planets,  810  comparisons  in 
all,  and  also  on  seven  evenings,  snatched  &om  other  work,  he 
observed  a  few  double  stars.  The  brightness  of  the  variable  stars . 
!R  CarinsB  and  r  Centauri  was  observed  on  several  evenings,  and, 
speaking  of  the  latter,  the  report  says  "its  maximum  occurred 
about  March  8  with  a  magnitude  of  5*3  of  the  scale  of  the 
*  Uranometria  Argentina.'  At  the  close  of  the  year  it  was  again 
approaching  its  maximum,  the  magnitude  being  estimated  as  4*9." 
Mr.  Tebbutt  mentions  the  investigation  of  the  longitude  of  this 
observatory  made  by  Dr.  Hugo  Clemens  from  the  series  of 
occultations  of  stars  made  in  the  years  1864-70,  to  which  he  re- 
ferred in  his  letter  in  our  last  number.  In  the  Eeport  a  list  of  all 
the  best  values,  seven  in  number,  previously  obtained  for  this  is 
given,  and  it  appears  that  Dr.  Clemens's  value,  10**  3™  2o"-6o,  differs 
from  the  mean  of  these  by  only  o"*oi,  which  must  be  gratifying  to 
that  gentleman  and  to  Mr.  Tebbutt,  who  made  the  observations. 


Stonthxjbst. — The  greater  part  of  Father  Sidgreaves's  Annual 
Report  scarcely  comes  within  the  scope  of  this  journal,  but 
consists  chiefly  of  meteorological  and  magnetical  results  given  in  a 
remarkably  concise  and  intelligible  form.  The  astronomical  work 
of  the  Stonyhurst  Observatory  is  probably  well' known  to  our 
readers,  as  this  is  usually  communicated  at  an  early  opportunity  to 
the  Royal  Astronomical  Society.  It  may  be  sufficient  for  us  to 
quote  from  the  book  for  1896  now  before  us  that  drawings  of  the 
Sun  10 j  inches  in  diameter  were  made  on  125  days  (the  dates  and 
Greenwich  Civil  Time  of  each  of  these  is  given),  that  Solar 
Spectrum  Photographs  were  taken  on  139  days,  and  that  "over 
350  photographs  of  stellar  spectra  have  been  obtained  with  the 
compound  prism  spectrograph  in   combination  with  the  Perry- 
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Memorial  objective.  These  include  some  trials  with  the  small 
dispersion  of  a  single  half-prism  of  aluminium  glass  in  order  to 
provide  the  means  of  learning  the  condition  of  the  calcium  line  K 
in  the  spectra  of  small  stars.  The  length  of  the  spectrum  is  too 
small  to  show  a  fine  line,  but  it  distinguishes  well  between  a  broad, 
medium,  and  thin  line  in  stars  to  the  6th  magnitude." 


PUBLICATIONS. 

Annals  op  the  Pabis  Obseevatoby  op  Physical  Astbonomt 
AT  Meudon,  Vol.  I. — M.  Jannsen's  first  volume  is  to  a  great 
extent  introductory.  It  begins  with  a  concise  sketch  of  the 
history  of  astronomical  physics,  showing  how  the  science  was 
inaugurated  by  Galileo's  invention  of  the  telescope,  was  set  on  a 
firm  basis  by  Herschel  and  Arago,  was  enriched  by  the  discoveries 
of  Mains,  Wollaston,  Praunhofer,  Bunsen,  Brewster,  and  others, 
and  later  has  been  led  into  much  extended  regions  by  the  intro- 
duction of  photography.  M.  Janssen  apportions  credit  to  different 
nations  thus  : — **  In  this  work  Prance  may  claim  her  share.  If 
the  telescope  is  Dutch  by  origin,  Italian  and  English  by  the  great 
discoveries  made  with  it,  photography  belongs  almost  entirely  to 
us;  and  if  spectrum  analysis  has  been  given  definite  shape  in 
Germany,  and  splendidly  extended  by  the  chemical  analysis  of  the 
j3olar  atmosphere,  it  is  in  Prance  that  the  admirable  method  has 
received  extension  which  has  doubled  its  power  by  discoveries  of 
the  spectra  of  gas  and  vapours  of  the  terrestrial  atmosphere." 

The  next  section  of  the  volume  deals  with  the  establishment  of 
the  Meudon  Observatory.  The  physical  researches  made  in  Prance 
in  the  years  1862  to  1871,  and  especially  M.  Janssen's  great  dis- 
-covery  with  Prof.  Lockyer  at  the  eclipse  of  1868,  led  to  the  idea  of 
the  creation  of  an  observatory  for  such  studies  ;  and  on  his  return 
from  the  Transit  of  Venus  Expedition  in  1874,  M.  Janssen  fomid 
the  project  under  discussion.  In  1875  a  sum  of  50,000  francs  was 
set  down  in  the  government  estimates  for  the  year  1876,  for  the 
establishment  of  such  an  institution,  and  this  grant  was  continued 
for  some  years.  The  next  step  was  to  find  a  suitable  building,  and 
a  chateau  at  Meudon,  belonging  to  the  State,  which  was  in  a  con- 
dition of  partial  ruin,  having  been  set  fire  to  after  the  war,  pre- 
sented itself  as  suitable  for  the  purpose.  In  November  1878  this 
building  was  handed  over  for  this  purpose,  and  later  a  sum  of 
1,035,000  francs  voted  for  its  restoration  and  equipment. 

To  this  there  naturally  follows  a  description  of  the  equipment  as 
it  now  is,  the  chief  features  of  which  may  be  tabulated  as  follows : — 
{i)  The  great  equatorial,  carrying  a  visual  telescope  of  0^*83  aper- 
ture and  i6"**i6  focal  length,  and  a  photographic  telescope  of  0°*' 6 2 
aperture  and  i5'"'9o  focus ;  (2)  a  reflector  of  one  metre  aperture 
and  3  metres  focal  length  on  an  English  equatorial  mounting ; 
^3)  the  equatorially-mounted  telescope  of  o™*i35  aperture,  used 
for  solar  photography ;  (4)  a  portable  meridian  circle  and  some 
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other  small  instrnments,  as  well  as  a  completely-equipped  spectro- 
scopic laboratory. 

The  results  published  in  this  volume  are  twelve  magnificent 
photographs  of  parts  of  the  solar  surface  showing  details  of  granu- 
lation hitherto  unexampled.  M.  Janssen  prefixes  to  these  a 
memoir  on  solar  photography,  and  is  good  enough  to  let  his  readers 
into  the  secret  of  the  process  by  which  these  excellent  pictures  are 
obtained,  which  he  sums  up  in  a  few  sentences,  naming  as 
essentials  a  proper  kind  of  glass,  principally  flint,  for  the  objective^ 
the  construction  of  the  object-glass  so  that  it  shall  be  achromatic 
for  the  G-  line,  a  collodion  giving  a  maximum  sensibility  limited 
to  that  same  part  of  the  spectrum,  fineness  of  grain  of  the  collodion^ 
and  considerable  enlargement  of  the  image. 

This  publication  is  presented  in  a  handsome  form,  clear  type, 
fine  paper,  large  margins,  and,  besides  the  Sun  pictures,  is 
illustrated  by  views  of  the  Observatory. 


NOTES. 

Comet  Notes. — *  Bulletin  Astronomique '  for  March  contains  an^ 
investigation  of  the  orbit  of  Comet  Swift  (1895  II.)  before  1884, 
by  L.  Schulhof. 

-  The  author  had  previously  suggested  the  probable  identity  of 
"this  comet  with  that  of  Lexell,  and  requested  astronomers  to 
obtain  as  long  a  series  of  observations  as  possible,  in  order  to 
cletermine  the  elliptical  elements  with  accuracy.  The  observations 
xnade  at  Mount  Hamilton  extend  over  five  months,  and  enable 
tihe  elements  to  be  ascertained  with  considerable  accuracy,  as 
:f  oUows : — 

Epoch  =  i895,  August  25*5,  Paris  M.T. 
M=     0°  38'  24"  . 

a=i7o  18  16  1    ^-^ 

t=     3     o  22    -' 
0=  40   41  56. 
^=492"-5i. 
Period= 7*2043  years. 

The  probable  error  of  p.  is  considered  to  be  o"*5,  or  of  the 
period  some  three  days.  Unfortunately,  this  uncertainty,  small 
as  it  is,  prevents  the  accurate  computation  of  the  perturbations  by 
Jupiter  back  to  1779.  For  even  in  1838  it  is  impossible  to  say 
within  40  days  when  the  comet  passed  any  assigned  point  of  its 
orbit.  Till  the  comet  has  been  observed  at  another  return,  it  can 
only  bfr  asserted  that  the  identity  (or  at  least  the  connection)  of 
the  two  comets  is  very  probable. 

The  comet  may  possible  be  visible  in  1902,  but  it  will  be  faint 
and  in  considerable  S.  declination.  Should  it  not  be  seen  then, 
there  will  be  little  hope  of  seeing  it  before  1931. 
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Ast.  Nach.  3416  contains  an  interesting  paper,  by  J.  Holetschek, 
giving  notes  on  many  ancient  comets,  including  several  apparitions 
of  Halle/s  Comet  recorded  by  the  Chinese.  A.  C.  D.  C. 

MiNOB  Planet  Notes. — ^Ast.  Nach.,  3414,  contains  a  new 
^determination  of  the  orbit  of  (151)  Abundantia,  by  Herr  Q-roeben. 
It  will  be  recollected  that  he  recently  made  the  suggestion  that 
this  planet  had  a  companion  travelling  in  an  almost  identical  orbit, 
which  had  sometimes  been  observed  by  mistake  for  Abundantia, 
A%  several  of  the  observations  of  the  latter  showed  large  dis- 
crepancies from  the  tabular  places.  Careful  search  last  autumn 
;at  Munich,  Berlin,  and  Diisseldorf  failed  to  reveal  such  a  com- 
panion, and  Herr  Groeben  has  therefore  made  a  new  investigation 
of  the  orbit,  and  now  finds  that,  after  recomputing  the  perturba- 
tions by  Jupiter  and  Saturn,  it  is  possible  to  represent  all  the 
observations  with  tolerable  accuracy.  A.  C.  D.  C. 


The  Solae  Motion  as  a  Gauge  oe  Stellas  Distances. — A 
valuable  paper  on  the  relative  distance  of  stars  of  different  magni- 
tudes, which  we  regret  not  to  have  mentioned  before,  appeared  in 
Ast.  Jour.  No.  390.  It  need  scarcely  be  pointed  out  that  the  first 
;assumption  that  occurs  to  anyone  as  to  the  distance  of  stars  is 
that  the  brighter  stars  are  nearer  than  the  famt  ones,  or,  carrying 
this  to  the  extreme,  that  in  the  general  mean  the  stars  of  the 
different  magnitudes  have  nearly  the  same  parallax.  This  hypo- 
-thesis,  which  is  as  old  as  the  time  of  the  elder  Herschel,  has  been 
used  with  different  variations  by  various  investigators,  and  has 
been  found  to  have  more  or  less  foundation  in  fact.  Eecently 
Prof.  O.  Stumpe  has  found  that  the  solar  motion  in  space, 
measured  in  angular  distance  as  seen  from  stars,  differs  little  for 
stars  of  different  magnitudes.  Prof.  Newcomb,  in  the  paper  above 
referred  to,  evolves  a  similar  result,  or,  in  his  own  words,  "  the 
effect  of  this  solar  motion  diminishes  less  rapidly  with  stars  of 
faint  magnitude  than  has  hitherto  been  supposed." 

The  data  of  this  investigation  are  the  proper  motions  in  declina- 
tion of  3231  stars  found  by  Auwers  from  comparison  of  his 
catalogue  with  that  of  Bradley.  These  quantities  are  divided  into 
four  groups  according  to  their  magnitude,  and  then  each  group  is 
arranged  in  order  of  the  proper  motion  of  the  stars  ;  thus  a  table 
is  formed  to  show  the  number  of  stars  whose  P.M.  in  a  hundred 
years  lies  bet\x'een  o  and  i",  i"  and  2",  2"  and  3",  and  so  on,  in 
both  directions,  from  —15"  to  +12",  all  the  stars  outside  these 
limits  in  each  direction  being  included  in  one  group.  It  might  be 
expected  that  these  numbers  should  follow  the  theoretical  law  of 
error  ;  but  they  do  not  do  so,  and  this,  Prof.  Newcomb  argues,  is  due 
to  the  solar  motion.  He  deduces  a  mean  apparent  proper  motion 
of  all  the  stars  in  each  class  which  is  due  to  this  motion,  which  is 
therefore  proportional  to  the  mean  parallax,  and  this  leads  him  to 
the  general  conclusion  above  stated.  The  actual  numerical  values 
.of  the  relative  parallax  found  are  as  follows : — 
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Limits  of 

Group. 

Magnitude. 

Parallax. 

I. 

I  to  3-4 

1-85 

n. 

3'5  to  4*9 

i-i8 

TTT. 

5-0  to  5*9 

I 'CO 

IV. 

6-0+ 

0-87 

The  paper  concludes  with  the  description  of  another  method  of 
determining  the  solar  motion,  which  confirms  in  some  degree  the 
previous  result.  Prof.  Newcomb  was  comparing  the  places  of  the 
stars  common  to  the  two  Berlin  zone  catalogues  made  respectively 
by  Dr.  Auwers  and  Dr.  Becker  for  another  purpose,  and  in  course 
of  this  work  detected  a  sequence  depending  on  the  Right  Ascen- 
sion, which  was  perplexing  until  he  noticed  that  BeckePs  observa- 
tions were  made  ten  years  later  than  Auwers',  and  that  the 
periodic  term  might  be  explained  by  the  parallactic  motion  in  this 
interval.  These  small  differences  of  R.A.  gave  a  solar  motion 
towards  a  point  in  the  celestial  sphere  of  Right  Ascension  297°,  of 
centennial  amount  as  seen  from  a  mean  sphere  of  stars  of  the 
ninth  magnitude  of  4"'6.  The  differences  of  declination  are  not 
so  satisfactorily  explained  ;  but  Prof.  Newcomb  promises  a  second 
paper  treating  the  subject  more  fully,  to  which  we  look  forward 
with  some  interest,  as  the  subject  is  full  of  suggestion,  and  can 
scarcely  be  treated  adequately  in  a  short  note  such  as  this. 

The  late  M.  d'Abbadib. — The  following  is  an  extract  from  an 
obituary  notice,  by  CoL  Bassot,  in  the  '  Revue  G^nerale  des 
Sciences ' : — "  What  characterized  the  work  of  d'Abbadie  was  his 
method  of  observation.  This  savant  had  recognized  how  little 
precision  attached  to  independent  determinations  of  geographical 
positions,  that  is  to  say  those  which  are  determined  directly  from 
observations  of  stars  by  field  instruments,  and  of  which  the  best 
are  exact  only  to  about  one  or  two  kilometres.  He  conceived  the 
gSodesie  eocplditive^  which  consisted  in  forming  a  network  of 
triangles,  more  or  less  well  proportioned,  which  included  all  the 
natural  .signal  points  that  coidd  be  seen  from  the  improvised 
stations  on  the  heights  where  the  party  halted.  This  method 
gives  a  precision  ten  times  greater  than  that  of  independent  posi- 
tions, and  affords  a  valuable  means  of  verification.  D'Abbadie  thus 
established  in  Ethiopia  a  network  which  included  8°  32'  in  latitude 
and  3°  in  longitude,  and  furnished  the  positions  of  857  points. 
These  observations  were  made  with  a  small  theodolite,  the  instru- 
ment at  that  time  the  most  practical  and  the  most  accurate  for  a 
journey,  which  he  improved  by  placing  the  telescope  parallel  to  the 
norizontal  limb.  This  telescope,  turning  about  an  axis,  can  be 
pointed,  thanks  to  the  interposition  of  a  prism  before  the  object- 
glass,  upon  every  object  in  azimuth  and  altitude.  It  thus  consti- 
tutes a  new  instrument,  to  which  he  gave  the  name  '  d'Aba.' 

"  Of  very  original  mind,  very  eager,  d'Abbadie  did  not  confine 
himself  to  geodesy;  he  was  equally  devoted  to  astronomy.  He 
went  to  Norway  to  observe  the  eclipse  of  the  Sun  in  1851,  to 
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Spain  to  observe  a  similar  phenomenon  in  i860.  He  was  chief  of 
the  expedition  sent  to  the  Antilles  by  the  Academy  of  Sciences  to 
observe  the  Transit  of  Venus  in  1882. 

'*His  chateau  d'Abbadia,  near  d'Hendaye,  which  he  has  pre- 
sented to  the  Academy,  and  where  he  spent  six  months  of  each 
year,  contained  a  perfect  observatory  for  the  astronomical  and 
physical  studies  that  he  followed.  Here  he  investigated  for  a  long 
time  the  periodic  variations  of  the  deviation  of  the  vertical. 

"  His  interest  for  all  things  pertaining  to  field  geodesy  led  to 
the  introduction  in  France  of  a  new  method  for  the  rapid 
measuring  of  base-lines — the  method  Jaderin,  which  is  of  the 
greatest  service  in  field  operations." 

Mb.  E.  T.  a.  Innbs,  of  the  Cape  of  Good  Hope  Observatory^ 
who  we  know  has  a  very  complete  catalogue  of  southern  double- 
stars,  with  their  dates  of  observation,  which  might  be  serviceable 
to  Dr.  See,  writes  to  us  as  follows  in  reference  to  our  announce- 
ment of  Dr.  See's  discoveries  of  southern  double  stars  in  our 
issue.  No.  251,  page  143  : — "  You  say  that  Dr.  See  finds  h  3683 
(=Lac  1583)  is  in  rapid  motion.  This  is  not  borne  out  by  tha 
published  measures,  m. : — 

h     1836  81°  ^"'S  2n 

Sydney    1879  ^o  3  *4  iw 

Sydney    ....      1891  77  i  -9  2n 

Both  components  were  observed  at  Cordoba  in  1874  with  a  very 
similar  result. 

"The  star  /li  Argus  was  found  to  be  double  at  Sydney  by 
Mr.  Kussell  so  long  ago  as  1880  (see  '  Double-Star  Eesults,'  1881, 
or  Mem.  E.  A.  S.  vol.  47),  and  measures  published  to  1891  show 
no  change. 

"  I  am  pleased  to  say  that  recent  observations  here  confirm  the 
duplicity  of  y\f  Argus  found  by  Dr.  Copeland  several  years  ago.  It 
is  still  very  close  (o"*6  +  ),  but  the  angle  shows  a  large  difference.** 

The  double-star  /3  883  is  well  worthy  of  attention  jufet  now^ 
Dr.  See  suspects  it  to  be  a  very  rapid  binary  (about  5  or  6  years). 
It  is  very  close  to  the  Sun,  and  hence  observations  must  be  made 
at  once.  Its  E.A.  is  4^  45™  30*,  N.P.D.  79°  10',  mags.  7  and  7^ 
and  distance  o"'3.     There  is  a  third  star  at  150°  and  18". 


The  star  attacked  by  Prof.  Burnham  in  *  Popular  Astronomy  ^ 
for  April  is  OS.  215,  for  which  an  orbit  with  a  period  of  107*94 
years  has  been  previously  obtained.  The  ellipse  representing  this 
has  been  laid  down  with  the  observed  positions,  which  show  a 
uniform  repugnance  to  come  near  it.  Indeed  a  straight  line  wiU 
represent  the  observations  much  better. 

Prof.  Burnham's  paper  shows  that  although  we  may  consider 
this  a  physical  pair,  it  should  be  erased  from  the  list  of  binaries 
whose  periods  are  approximately  known.     It  so  happens  that  this 
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star  has  been  well  observed  with  the  28-inch  at  Greenwich.  The 
measures  decide  the  question  as  to  its  being  binary ;  but  the  orbit 
bears  no  resemblance  to  that  determined  by  Mr.  Gore.  The  period 
cannot  be  less  than  250  years. 


ZoTO-TiMK  System  in  Fkanoe. — The  following  proposition  has 
recently  been  submitted  to  the  Chamber  of  Deputies  :  "  The  legal 
time  in  France  and  in  Algeria  is  the  mean  time  of  Paris,  retarded 
by  nine  minutes  twenty-one  seconds."  An  article  in  the  '  Bevue 
Scientifique '  on  the  subject  of  international  time,  referriiig  to  the 
above  proposition,  remarks  :  "  Eeduced  to  this  and  stripped  of  all 
which  could  hurt  the  susceptibilities  of  the  most  delicate,  one  may 
hope  that  this  projected  reform  will  meet  with  the  reception  that 
it  deserves,  both  by  Parliament  and  the  public ;  that  is  to  say,  the 
unanimous  approval  of  toiLS  Us  hommes  de  progres."  It  may  be 
added  that  it  appears  that  the  Society  Astronomique  de  Prance 
did  not  approve  of  even  this  modified  proposal. 

The  Companion  op  Siuitjs. — In  Ast.  Joum.,  No.  399,  Prof.  H. 
S,  Pritchett  writes  : — "  On  March  20  I  observed  the  companion  of 
Sirius  with  the  i2j-inch  equatorial  of  the  Morrison  Observatory. 
The  night  was  one  of  the  finest  I  have  ever  seen  in  this  climate, 
and  the  companion  was  seen  by  my  father  and  myself.  A  mean 
of  three  settings  of  the  micrometer  gave 

''P=  195°-         «  (estimated)  =  3i'V' 

The  obituary  for  the  month  includes  the  name  of  Prof.  E.  P. 
von  Haerdtl,  Professor  of  Astronomy  at  Innsbruck.  Bom  at 
Penzing,  near  Vienna,  in  the  year  1861,  he  died  a  comparatively 
young  man.  His  astronomical  work  was  principally  of  a  kind 
calling  for  elaborate  computation.  An  investigation  of  the  move- 
ment of  Winnecke's  comet,  another  of  the  terms  of  long  period 
in  the  lunar  theory,  and  another  on  Assyrian  chronology  are 
attached  to  his  name. 

That  liberal  patroness  of  astronomy.  Miss  Catherine  W.  Bruce, 
has  provided  a  sum  of  money  to  enable  the  Astronomical  Society 
of  the  Pacific  to  award  a  Gold  Medal  annually  as  a  recognition  of 
services  to  astronomy.  The  gift  is  international— -that  is,  the 
medal  is  to  be  given  to  the  person  considered  most  deserving, 
without  regard  to  nationality,  and  also  without  regard  to  sex. 

M.  BiGOUBDAN  has  taken  great  trouble  to  make  measures  from 
which  to  deduce  the  parallax  of  the  star  1822  Pedorenko.  He 
was  induced  to  do  so  by  the  large  proper  motion  of  the  star  when 
compared  with  those  near,  which  are  practically  fixed.  He  deduces 
a  final  P.M.  of  —  o"-o56  in  E.A.,  and  —  o"*io5  in  Declination,  and 
a  parallax  which  is  insensible. 

Visitation-Dat  at  Greenwich  will  be  on  Saturday,  June  5. 
The  dinner,  as  in  recent  years,  will  be  held  at  the  Criterion 
Bestaurant,  Piccadilly  Circus. 
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M.  B.  Badau  has  been  elected  a  member  of  the  Paris  Academy 
of  Sciences,  in  the  Section  Astronomy,  in  place  of  the  late 
M.  Tisserand. 

It  is  announced  that  an  observatory  is  to  be  established  at 
Odessa  as  a  branch  of  the  Eussian  Imperial  Observatory  at 
Poulkova. 

Db.  Kabl  Bohlin,  of  Upsala,  has  been  appointed  Director  of 
the  Stockholm  Observatory,  in  succession  to  the  late  Prof.  Gylden. 

Paop.  Simon  Nbwoomb  retired  from  the  post  of  Director  of  the 
'  American  Nautical  Almanac '  at  the  beginning  of  April. 


From  an  Oxford  Note-Book. 

The  follo\^ing  pretty  little  poem  by  Barry  Pain  appeared  in 
•  Black  and  White '  for  January  23 : — 

The  Gamhlers, 

What  are  the  careless  yellow  stars 

A-8cattered  down  the  sky  ? 
They  are  the  golden  pieces  that 

On  the  card-table  lie. 

Day  with  her  white  hand  sweeps  them  up 

Triumphant  her  disdain ; 
Night  waits,  and  with  sure  patience  wins 

Her  losses  back  again. 

Tired  now,  for  that  last  game  they  look 

Which  shall  decide  the  play : 
I  wonder  whether  time  wiU  stop 

By  night  or  day? 

Thebb  is  a  story  told  of  Le  Verrier  that  when  one  of  the 
Q-reenwich  observers  went  over  to  Paris  to  make  observationp  for 
the  longitude  Greenwich— -Paris,  he  tested  his  capacity  as  a  transit- 
observer  by  setting  him  to  count  seconds  out  of  hearing  of  any 
clock ;  and  was  quite  disgusted  when,  at  the  end  of  a  minute,  the 
human  clock  differed  a  few  seconds  from  the  mechanical.  In 
a  book  called  *  Curiosities  of  Clocks  and  "Watches'  (London, 
B.  Bentley,  1866)  I  found  the  other  day  an  account  of  a  man  who 
would  have  passed  this  severe  examination  with  credit.  Here  is  the 
extract,  rather  condensed  : — J.  D.  Chevalley,  a  Swiss,  had  in  1825, 
at  66  years  of  age,  acquired  the  art  of  keeping  time  like  a  clock. 
On  July  14,  1823,  he  kept  a  definite  time  correctly,  talking  all  the 
time,  and  being  distracted  in  various  ways ;  indicating  the  quarters 
of  an  hour  by  his  voice.  He  said  that  he  had  "acquired  by 
imitation,  labour,  and  patience,  a  movement  which  neither  thoughts, 
nor  labour,  nor  anything  else  can  stop.  It  is  similar  to  that  of 
a  pendulum,  which  at  each  motion  of  going  and  returning  gives 
me  the  space  of  3  seconds,  so  that  20  of  them  make  a  minute ; 
and  these  I  add  to  others  continuously." 

A  LETTEB  from  a  correspondent  mentions  an  experiment  which 
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may  not  be  new,  but  seems  at  least  worthy  of  attention.  He 
says  : — "  I  have  heard  it  said  that  the  Crescent  of  Venus  has  been 
detected  with  the  naked  eye.  I  am  doubtful  about  it ;  last  night 
(April  5)  I  reversed  the  finder  of  my  telescope,  which  magnifies 
about  10  times,  and  turned  it  on  the  crescent  Moon.  Of  course 
this  diminishes  the  diameter  to  about  3  minutes  of  arc,  and 
although  this  was  4  times  the  diameter  of  Venus  at  the  present 
time,  the  Moon's  crescent  was  very  difficult  to  see ;  in  fact  I  don't 
think  it  could  be  seen  if  reduced  to  less  than  2  minutes  of  arc." 


My  correspondent  is  keenly  interested  in  the  diameters  of 
planets,  and  has  made  many  measures  of  them,  especially  of  Venus 
and  Mars.  He  remarks  on  the  wide  range  of  values  assigned  to 
the  diameter  of  Venus,  from  the  i6"*6  of  Airy  to  the  i7"*7 
of  Ambronn.  It  is  certainly  curious  that  so  many  people  have 
been  content  to  go  on  measuring  diameters  without  endeavouring 
to  apply  any  corrections  for  personality  or  even  for  irradiation. 
There  is  no  doubt  that  owing  to  these  disturbing  causes,  all 
diameters  are  more  or  less  arbitrary;  and  without  some  vital 
change  in  method,  promise  to  remain  so.  A  few  years  ago  it  was 
hoped  that  the  Moon's  diameter  might  be  determined  from  occulta- 
tions  of  small  stars  during  an  eclipse;  but  the  trials  of  1884  and 
1888  were  very  disappointing  in  this  respect.  Again  in  1897, 
J)t,  Otto  Struve  had  an  excellent  scheme  for  getting  the  accurate 
ratio  between  the  diameters  of  the  Sun  and  Moon,  by  placing 
observers  near  the  totality  limits  on  the  occasion  of  the  Total  Solar 
Eclipse  in  that  year ;  but  cloudy  weather  interfered.  Given  good 
observers  in  plenty,  this  scheme  might  be  tried  again — say  in 
India,  next  January.  It  consists  in  noting  the  duration  of 
totality  when  it  only  lasts  a  second  or  two,  with  accurate  deter- 
minations of  the  latitudes  and  longitudes  of  the  station.  And  a 
very  accurate  ratio  of  the  two  diameters  should  result ;  but  of 
course  it  would  be  very  expensive  in  time,  money,  and  labour. 
Beyond  these  particular  instances  there  have  not  been  any 
special  attempts  to  get  true  diameters  that  I  know  of.  Will 
photography  ultimately  afford  ub  the  means  of  solving  the 
problem  ? 

The  following  little  incident  is  of  historical  interest  in  connec- 
tion with  this  question  of  true  diameters.  In  1848  Airy  wrote  to 
Lieut.  Stratford,  then  Superintendent  of  the  '  Nautical  Almanac,' 
complaining  that  Bessel's  value  of  the  Sun's  diameter  was  still  used 
in  the  N.A.,  although  the  diameter  had  been  observed  at  Greenwich 
with  an  instrument  as  good  as  Bessel's  for  many  years,  and  with  an 
exhibition  of  a  different  value.  Stratford  replied  that  he  would 
gladly  alter  the  adopted  values  of  the  diameters  of  the  Sun  and 
Moon,  if  Airy  would  indicate  what  values  he  wished  adopted.  Airy 
gave  corrections  of  +i"*84  to  the  Sun's  diameter  from  12  years' 
observations,  and  —5"' 2 2  to  the  Moon's,  and  these  were  adopted 
in  the  N.  A.  for  1853.     In  the  volume  of  Greenwich  observations 
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for  1853  it  is  remarked  with  satisfaction  that  the  "  mean  error  of 
N.  A.'*  as  regards  the  »Sun's  diameter  in  E.A.  comes  out  o**oo,  "  thus 
showing  that  the  value  assumed  in  the  N.  A.  for  1853,  which  is 
derived  from  the  Greenwich  observations  made  with  Troughton's 
transit,  precisely  satisfies  the  observations  made  with  the  Transit 
Circle."  But  this  satisfaction  at  having  obtained  what  looked 
like  a  real  value  was  short-lived.  In  1854  the  error  in  R.A.  was 
+  o"*09,  "  a  quantity  singularly  at  variance  with  the  results  of  last 
year" :  in  1855  +o"*o7,  and  in  1856  -f  o"*io  ;  while  the  errors  for 
the  vertical  diameter  were  +o"*58,  +i"*29,  +o"'65,  and  +i"'i7 
respectively.  In  fact  the  observations  of  the  years  1854  onwards 
gave  a  diameter  very  nearly  the  same  as  that  abandoned  in  the 
N.  A.  for  1853! 


Anothbb  correspondent  sends  some  contributions  to  the  collec- 
tion of  cuttings  from  contemporary  literature  : — 

No.  I.  Id  '  The  Limb/  by  X.  L.,  published  in  1896,  p.  250,  we  read  that  at 
St.  Petersburg  in  December  "  the  Sun  clambers  slowly  to  the  zenith." 

No.  2.  Selections  from  a  magazine  article  of  last  year.     '*  On  Mercury  the 

Sun  comes  up  like  an  enormous  new  Moon  " *'  Mars  has  two  moons 

revolying  in  different  directions :  one  is  not  larger  than  a  cheese,  but  flies 
through  space  with  the  speed  of  a  cannon  ball,  regardless  of  the  movements  of 
the  regular  Moon." 

No.  3.  "  Though  not  astronomical,  the  following  shows  the  danger  of  mis- 
understood signs.  In  a  book  on  S.  Africa,  a  flooded  river  could  not  be  crossed 
until  a  carpenter  made  a  boat  in  which  he  crossed  oyer,  size  of  said  boat  being 
9"  X  5",  outside  12",  depth  3" ;  find  the  size  of  tlie  carpenter  ?  " 


"  Phof.  Lowe's  wonderful  new  telescope  with  91  lenses  to  probe 
Mars  mysteries."  Such  is  the  heading  of  a  long  account  in  a 
newspaper  kindly  sent  by  Prof.  Barnard,  of  a  nonsensical  scheme 
to  make  up  a  big  lens  out  of  a  series  of  smaller  ones.  "  The  new 
telescope  instead  of  one  single  lens  will  have  a  lens  made  of  many 
smaller  ones.  Each  lens  will  be  six  inches  in  diameter."  There 
will  be  one  centre  lens,  then  a  ring  of  six ;  then  a  ring  of  twelve, 
and  so  on  up  to  the  outer  ring  of  30.  All  these  homogeneous 
lenses  will  be  cemented  in  a  sash  or  frame,  the  cement  having  the 
same  coefficient  of  expansion  as  glass  ;  and  the  compound  lens  will 
be  72  inches  in  diameter.  The  new  telescope  is  the  invention  of 
Louis  G-athmann,  a  Chicago  inventor,  who  "  maintains  that  the  so- 
called  disturbed  condition  of  the  atmosphere  does  not  exisi,  and 
declares  that  the  seeming  disturbance  is  wholly  a  defect  in  the 
construction  of  our  present  large  telescopes."  He  points  out  that 
the  tremulous  condition  of  the  atmosphere  is  readily  noticeable  in 
the  large  glasses,  but  "  is  not  perceptible  in  the  smaller  glasses.  .  .  . 
There  is  no  reason  in  telescopic  science  why  we  should  not  see  the 
inhabitants  of  Mars,  and  see,  too,  well  enough  to  pick  up  a  pin  on 
the  Moon." 

I  am  glad  to  hear  that  Dr.  Lewis  Swift,  who  is  reported  to  have 
approved  this  monstrous  scheme,  has  been  entirely  misrepresented  ; 
and  has,  in  fact,  been  doing  his  utmost  to  dissuade  the  misguided 
people  concerned  from  proceeding  farther,  but  without  succesa. 
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MEETING  OF  THE  EOTAL  ASTRONOMICAL  SOCIETY. 

rriday,  May  14,  1897. 
Sir  R.  S.  Ball,  LL.D.,  F.R.S.,  President,  in  the  Chair. 

Secretaries :  Prof.  H.  H.  Tuenee,  M.A.,  B.Sc,  and 

H.  F.  Newall,  M.A, 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  President.  Before  we  proceed  with  our  ordinary  business, 
I  should  like  to  inform  the  meeting  of  a  step  which  was  taken  by 
the  Council  this  afternoon :  it  will,  no  doubt,  be  guessed  that  this 
refers  to  the  sad  circumstances  connected  with  the  death  of  one  of 
the  oldest  and  most  esteemed  members  of  the  Royal  Astronomical 
Society,  Mr.  E.  J.  Stone,  RadclifPe  Observer  at  Oxford.  Mr.  Stone, 
who  was  well  a  week  ago,  died  suddenly  last  Sunday,  and  some  of 
our  Fellows  were  yesterday  present  at  his  interment  at  Oxford. 
Mr.  Stone  had  had  a  very  distinguished  career,  beginning  with  the 
position  of  Chief  Assistant  at  Greenwich  Observatory,  which  he 
filled  for  many  years;  from  there  he  went  to  the  Cape  of  Good 
Hope,  where  he  was  succeeded  by  Dr.  Gill,  and  for  the  last 
19  years  he  has  been  Director  of  the  Eadcliffe  Observatory.  He 
is  known  by  the  valuable  catalogue  of  Southern  Stars  which  he 
made  whilst  at  the  Cape.  He  is  known  also  by  his  celebrated  dis- 
cussion of  the  Transit  of  Venus,  to  which  he  devoted  an  enormous 
amount  of  care  and  attention.  "We  who  were  permitted  to 
work  with  him  knew  him  as  one  of  the  most  regular  attendants  at 
these  meetings,  we  were  all  permitted  to  enjoy  his  friendship 
and  intimacy,  and  we  all  valued  him  as  an  able  and  experienced 
colleague.  The  Council  to-day  passed  the  following  resolution, 
which  I  am  sure  the  meeting  will  be  glad  to  hear  and  with  which 
I  am  sure  the  Fellows  present  will  be  glad  to  be  associated : — 
"The  Council,  having  learned  with  deep  regret  of  the  death 
of  Mr.  E.  J.  Stone,  Eadcliffe  Observer,  for  36  years  a  greatly 
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esteemed  and  distinguished  Fellow  of  this  "  Society,  who  was, 
moreover,  for  26  years  on  the  Council,  and  had  filled  the  offices 
of  Secretary,  Vice-President,  and  President,  and  had  received 
the  G-old  Medal  of  the  Society,  desire  to  put  on  record  their 
profound  sorrow  at  the  loss  which  Astronomy  has  sustained,  and 
to  express  their  condolence  and  deep  sympathy  with  Mrs.  Stone 
and  other  members  of  the  bereaved  family,  and  that  a  copy  of  this 
resolution  be  sent  to  Mrs.  Stone." 

The  Fellows  present  expressed  their  approval  of  this  resolution. 
Mr,  Newall.  Since  the  last  Meeting  78  presents  have  been 
sent  to  us,  many  of  them  being  additions  to  series  of  presents 
already  received,  which  make  the  library  of  the  Society  so  valuable. 
Amongst  them  I  may  call  attention  to  a  book  by  Professor  Holden 
on  Mountain  Observatories  in  America  and  Europe.  There  is 
also  a  fifth  contribution  from  the  Government  of  the  Netherlands 
on  "  The  Triangulation  of  Java,"  a  work  which  has  been  in  the 
hands  of  Prof.  Oudemans  for  some  years*  Many  of  us  heard  him 
when  he  gave  an  account  of  this  triangulation  at  one  of  our 
meetings.  I  further  call  attention  to  a  contribution  from  the 
Lick  Observatory  which  takes  the  shape  of  plates  forming  an  atlas 
of  the  Moon,  and  also  three  prints  of  nebulae  and  star-clusters 
taken  with  the  Bruce  24-in.  telescope  of  the  Harvard  Observatory; 
a  work  on  the  great  Earthquake  in  Japan  of  1891,  presented  by 
Prof.  Milne ;  and,  lastly,  I  will  mention  a  photograph  of  Jupiter 
presented  by  Mr.  G.  F.  Pollock — one  of  the  first  taken  by 
Dr.  "Warren  De  la  Eue.  This  is  a  glass  transparency.  Mr.  New- 
begin  has  also  presented  three  photographs  of  Sun-spots  which 
he  has  taken  this  month. 

A  vote  of  thanks  was  passed  to  the  donors. 

Professor  Turner  then  read  a  paper  by  Dr,  T.  J,  J,  See  on  a  new 
Binary  Star  with  a  period  of  5^  years  (fi  883).  The  author  said 
that  for  several  months  he  had  been  practically  certain  that  the 
double  star  /3  883  was  revolving  in  a  period  of  5  J  years,  and  thus 
described  its  orbit  in  less  than  half  the  time  of  any  star  previously 
known.  This  hypothesis  first  presented  itself  to  his  mind  in  1895. 
Schiaparelli  has  communicated  to  him  his  observations  of  this 
double  star,  and  these  bore  out  the  fact  that  it  was  revolving  in  a 
period  of  5 1  years. 

Prof  Turner  then  described  the  orbit  on  the  blackboard. 

Prof  Turner  then  read  a  paper  by  Mr,  Bumham  on  the  Orbit 
of  fi  Draconis.  The  author  pointed  out  that  the  orbit  of  this 
star  was  not  very  well  determined.  He  described  the  early 
observations  of  the  star  which  was  known  as  S  2130.  Systematic 
work  on  this  star  was  begun  by  Struve  in  1838,  and  from  the  early 
observations  an  orbit  had  been  computed,  but  it  was  obvious  that 
the  data  were  altogether  insufficient  to  determine  even  the  roughest 
apparent  ellipse.  The  chances  were  that  the  relative  change  of  the 
two  components  would  finally  resolve  itself  into  orbital  motion. 

Capt,  Nolle,  I  should  like  to  make  one  remark  in  connection 
with  these  papers.    In  that  first  alleged  orbit  of  Dr.  See's  it  puzzled 


June  1897.]      the  Royal  Astronomieal  Society.  223 

iue  for  the  moment  to  see  that  the  principal  star  was  on  the  minor 
axis  instead  of  being  at  the  focus. 

Mr.  Lewis.  I  should  like  to  emphasize  the  work  done  bj 
Dr.  See  on  double  stars,  because  he  is  now  in  the  southern 
hemisphere  doing  a  great  deal  of  work  which  is  very  much  wanted. 
With  regard  to  /3  883,  we  imfortunately  only  got  a  letter  from 
him  at  the  end  of  April,  at  which  time  the  object-glass  of  the 
28-inch  refractor  was  reversed  for  photographic  work.  The 
Astronomer  Royal,  however,  at  once  had  the  crown  lens  turned 
and  the  star  was  observed  on  April  23  and  24.  As  the  declination 
of  this  star  is  now  very  much  the  same  as  that  of  the  Sun,  and  it 
is  only  2  hours  after  the  Sun  in  B.A.,  it  was  near  the  horizon 
before  we  could  observe  it.  However,  on  2  nights  we  did  get 
a  look  at  it,  and  such  observations  as  we  were  able  to  make 
quite  bore  out  the  present  position  of  the  companion  to  the  star 
as  given  by  Dr.  See,  and  I  do  not  think  there  is  any  doubt  that  it 

-has  a  5|-year  period.  With  regard  to  what  Capt.  Noble  says,  it 
is  the  apparent  orbit  that  is  put  on  the  board,  and  not  the  true 
orbit.  We  are  looking  at  this  orbit  almost  end  on.  It  is 
curious  that  all  the  apparent  orbits  of  small  periods  are  very 
similar,     d  Equulei,  2  3121,  and  /3  883  might  almost  be  inter- 

-changed.  Before  this,  the  shortest  period  star  was  11^  years,  so 
that  we  have  now  got  it  down  from  1 1^  to  5^,  approaching  closely 

■i»  the  spectroscopic  binaries.  With  regard  to  Mr.  Bumham's 
paper,  he  is  doing  good  in  showing  the  fallacy  of  many  computed 
orbits.     It  is  tending  to  land  us  down  on  bedrock  as  to  our 

'knowledge  of  binaries. 

Mr.  SeahroTce.  It  does  not  do  to  attempt  to  construct  orbits 
from  too  few  observations.  I  think  that  many  of  our  early  orbits 
have  this  defect.  That  is  the  moral  to  which  Mr.  Bumham 
points,  ft  883,  as  Mr.  Lewis  says,  is  a  most  remarkable  case  of  a 
binary ;  in  fact,  Jupiter  is  not  comparable  with  it  for  shortness  of 
period. 

Prof,  Turner.  The  admission  by  Mr.  Seabroke  is  a  very  valuable 
one,  as  confirming  Mr.  Burnham's  opinion  that  we  have  trusted  to 
too  few  observations  hitherto,  and  the  astronomical  world  will  be 
interested  in  that.  I  should  like  to  ask  if  I  understood  Mr.  Lewis 
correctly.  Mr.  See,  in  his  first  letter  on  the  paper,  says  that  it 
revolves  in  5^  years,  wbich  is  the  smallest  period  hitherto  known. 
If  I  understood  Mr.  Lewis,  he  was  classing  two  other  stars  with 
this  one. 

Mr,  Lewis,  Only  with  reference  to  the  similarity  of  the 
apparent  orbits,  k  Pegasi  and  h  Equulei,  the  two  shortest  periods 
hitherto,  revolve  in  ii|  years. 

Prof,  Turner,     I  did  not  understand  whether  you  agreed  with 
what  Dr.  See  said  as  to  the  previous  record  being  ii|  years. 
Mr,  Lewis,     Yes,  that  is  the  previous  record. 
The  President,     These  papers  are  of  much  interest,  and  that  of 
Mr.  Bumham  is  an  awful  warning  of  what  may  result  from 
founding  conclusions  on  insufficient  evidence. 

u2 
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Capt,  Hills  (reading  a  paper  on  the  determinations  of  terrestrial 
longitudes  by  photography).  Some  two  years  ago  I  presented  & 
short  note  to  the  Society,  giving  the  results  of  some  experiments 
on  this  subject.  The  work,  which  is  now  brought  forward,  has  not 
been  confined  to  mere  observatory  work,  for  advantage  was  taken 
of  the  dispatch  of  a  survey  party  to  the  centre  of  A&ica — ^to  the 
sources  or  the  Niger — in  order  to  test  the  work  actually  in  the 
field,  and  by  a  discussion  of  the  plates  then  obtained  I  have  gained 
much  valuable  information.  The  work  done  on  this  expedition 
does  not  give  much  information  as  to  the  accuracy  to  be  expected, 
because  there  is  no  check  on  the  results.  The  value  of  the  method 
must  depend  upon  two  lines  of  research :  first  of  all  on  the  practica* 
bility  of  it  as  a  method  in  the  field,  and  secondly  upon  the  accuracy 
of  it  from  the  work  done  at  home  at  a  fixed  station  whose  exact  lon- 
gitude is  known.  The  great  advantage  that  a  photographic  method 
has  over  a  visual  one  is  that  the  work  done  in  the  field  is  reduced  to 
a  minimum,  and  the  observer  needs  very  little  skill.  All  the  work 
is  done  afterwards  at  home  in  the  measurement  and  reduction  of 
the  plates,  and  the  only  skiU  required  in  the  field  is  a  reasonable 
amount  of  care  in  the  observations  and  an  ability  to  determine  the 
local  time,  which  is  one  of  the  easiest  of  astronomical  observa- 
tions,  but  some  objections  have  been  made  to  this  method  on  the 
ground  that  the  results  are  not  at  once  available. 

It  is  a  question  which  may  be  investigated  as  to  whether  it  is 
not  possible  to  measure  the  plate  in  the  field,  and  thus  get  the 
results  at  once.  That  question  has,  however,  not  been  tackled^ 
because  it  is  a  large  one,  and  I  have  confined  my  attention  to 
determine  what  measure  of  accuracy  we  can  get  by  the  means 
available  and  by  using  a  suitable  instrument.  [Capt.  Hills  then 
described  in  detail  the  instrument  and  the  method  of  the  observa- 
tion, which  consists  in  photographing  the  Moon  and  known  stars 
on  the  same  plate,  noting  accurately  the  time  between  the  expo- 
sures, and  keeping  the  camera  rigidly  fixed  during  the  interval.] 
It  is  immaterial  whether  the  stars  are  photographed  before  or 
after  the  Moon ;  the  essential  point  is  that  we  should  have  the 
images  of  at  least  two  stars  on  the  plate,  and  it  conduces  to 
accuracy  to  have  stars  both  north  and  south  of  the  Moon,  though 
this  is  not  absolutely  essential.  The  necessary  interval  between 
the  exposures  may  amount  to  a  considerable  time  in  certain  cases^ 
which  depends  upon  the  nearness  of  the  star,  which  is  of  sufficient 
magnitude,  to  give  a  measurable  trail,  and  that  again  depends 
upon  the  state  of  the  atmosphere.  There  was  generally  no  diffi- 
culty in  getting  a  photograph  of  a  star  not  too  near  the  Moon. 
I  do  not  consider  that  the  ordinary  tripod-stand  for  the  instrument 
is  sufficiently  stable.  The  ends  of  the  legs  of  the  tripod  should 
be  flat  in  order  to  give  a  high  degree  of  stability.  The  longer  the 
focal  length  of  the  instrument  the  greater  the  accuracy,  but 
a  longer  telescope  is  necessarily  heavier.  The  observer  must 
therefore  determine  for  himself  where  he  will  strike  the  balance.- 
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The  measurement  of  the  plate  (which  would  be  done  at  home) 
is  a  subject  which  has  received  a  large  amount  of  discussion  in 
connectifi>n  with  the  Astrographic  Chart.  I  have  tried  two  different 
methods  of  measuring.  One  is  to  photograph  a  positive  r^seau, 
and  put  this  in  contact  with  the  plate  to  be  measured ;  the  other 
is  to  rule  the  lines  on  the  plate  and  measure  from  these  with  a 
simple  screw-micrometer.  The  advantage  of  putting  the  lines  on 
the  plate  was  that  the  plate  could  always  be  re-measured  if  there 
was  any  doubt  as  to  the  accuracy  of  the  first  series  of  measure- 
ments. The  only  difficulty  in  the  measurement  is  that  which  arises 
in  determining  the  Moon's  centre,  and  this  is  one  of  the  principal 
.  difficulties  of  the  method.  It  is  easy  to  get  the  coordinates  of  the 
limb,  but  it  is  necessary  to  find  the  coordinates  of  the  centre,  and 
I  have  done  this  by  a  method  which  practically  amounts  to  drawing 
B  pair  of  tangents  at  right  angles  to  the  limb  and  then  measuring 
the  distance  of  their  point  of  intersection  from  the  hmb. 

Por  computing  the  position  of  the  Moon  from  the  measured 
.'Coordinates  I  have  used  the  method  of  rectangular  coordinates 
devised  by  Prof.  Turner,  which  is  used  for  the  Astrographic  Chart, 
and  which,  in  fact,  makes  my  method  possible.  It  will  easily  be 
.realized  that  the  longitude  may  be  determined  in  one  of  several 
ways,  either  by  the  Moon's  changefof  declination,  of  azimuth,  of 
distance  from  a  star  (commonly  called  lunar  distance),  or  by  its 
<;hange  of  Eight  Ascension.  The  change  in  declination  is  some- 
times so  small  as  to  be  of  no  value ;  the  azimuth  is  rather  a 
difficult  computation,  and  the  change  in  lunar  distance  is  almost 
the  same  thing  as  the  change  in  E.A.,  but  a  little  more  compli- 
cated. The  Bight  Ascension  method  seems  to  be  the  best,  and 
seems  to  give  some  precision  of  result. 

Prof.  Twmer.     Capt.  Hills  has  very  much  simplified  one  way  of 
determining  longitudes.     There  are  two  methods  of  determining 
longitude,  which  may  be  roughly  distinguished  by  the  fact  of  the 
existence  or  want  of  a  telegraph-line.    The  determination  of  the 
longitude  consists  of  two  operations — the  finding  of  the  local  time 
.  «t  the  place  and  getting  the  time  from  Greenwich  by  telegraphic 
signals,  or  by  finding  Greenwich   time  and  local  time,  and  by 
comparing  these  the  longitude  is  found.     When  there  is  a  tele- 
graph-line the  finding  of  the  local  time  is  the  chief  difficulty. 
Capt.  Hills  referred  to  this  rather  contemptuously  as  one  of  the 
^easiest  of  astronomical  observations;  but  I  think  I  may  say  that 
on  occasions  when  two  independent  sets  of  observers  have  tried 
to  determine  this  they  have  generally  differed.     Then  when  we 
come  to  the  other  method  of  determining  longitude,  L  e.  when  the 
telegraph  does  not  exist,  the  obtaining  of  Greenwich  time  resolves 
itself  into  some  method  of  observing  the  Moon.     It  is  this  opera- 
tion which  Capt.  Hills  has,  I  think,  by  his  recent  work  very  much 
^fiimplified.     He  has  not,  so  far  as  I  know,  touched  the  question 
in  a  way  which  may  interest  sailors.     His  present  method  of  a 
jfized  camera  does  not  apply  to  observations  of  the  Moon  from  the 
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deck  of  a  ship.  There  is  a  story  told  of  a  man  who  was  once^ 
asked  the  question  as  to  how  to  find  the  time  at  sea,  and  the  reply 
began  : — **  First  you  set  up  the  transit  instrument  on  deek.''^ 
(Laughter.)  But  the  days  are  not  yet  gone  by  for  Moon-culmina- 
tion observations.  I  think  that  Capt.  Hills's  method  of  setting 
up  a  fixed  instrument  in  the  absence  of  the  telegraph  is  of  great 
interest  to  astronomers  from  the  point  of  view  of  fundamental 
astronomy.  I  remember  that  the  late  Eather  Perry  was  kept  on 
Kerguelen  Island  for  a  considerable  time  longer  than  he  otherwise- 
would  have  been  owing  to  the  want  of  a  method  of  determining' 
longitudes,  and  if  the  photographic  method  had  been  in  existence  at 
the  time,  some  months  of  privation  might  have  been  avoided.  After 
the  Transit  of  Yenus  of  1874  had  been  observed,  Father  Peny 
found  that  a  sufficient  number  of  Moon  culminations  had  not  been 
obtained,  owing  to  the  bad  weather  and  other  causes,  to  enable 
him  to  assume  that  the  longitude  had  been  determined  with  accu- 
racy. He  therefore  determined  to  stay  there  a  sufficient  number 
of  months  to  secure  the  number  of  observations  which  the  then 
Astronomer  Eoyal,  Sir  George  Airy,  had  instructed  them  waa* 
necessary.  I  cannot  but  feel  that  that  study  of  photographic* 
methods  is  bound  to  help  us  considerably  in  the  near  future. 

Mr.  Dyson.  Judging  from  the  results,  it  seems  to  me  that  the 
accuracy  Capt.  Hills  has  obtained  is  very  remarkable,  because  he 
has  found  differences  ranging  within  a  second  of  longitude,  whicb 
corresponds  to  a  second  of  arc  on  his  plate,  and  I  think  that  is  an 
exceedingly  accurate  result  to  obtain. 

Capt.  Nolle.  I  think  geographers  may  congratulate  themselves 
upon  the  devising  of  any  methods  which  will  supersede  the  method 
by  Moon-culminators.  I  once  made  a  series  of  observations 
myself,  and  reduced  them,  and  I  think  that  very  few  of  them 
came  out  anything  hke  in  accordance  with  what  I  knew  to  be  the 
longitude. 

The  President.  I  am  sure  we  are  all  very  much  obliged  to 
Capt.  Hills  for  his  interesting  paper.  It  is  certainly  an  improve- 
ment in  the  practical  method  of  obtaining  longitudes,  which  is  very 
important.  I  have  lately  been  reading  Nan  sen's  book,  particularly 
that  part  in  which  he  says  that  one  of  his  woes  was  that  his  watch 
had  run  down  and  that  he  was  utterly  at  sea  as  to  his  longitudes; 
Now,  if  he  had  had  some  commodious  way  of  determining  his 
longitude,  he  would  not  have  had  to  spend  a  whole  winter  on  one 
side  of  a  hill  while  the  relief  expedition  was  on  the  other. 

The  Astronomer  JRoyal  then  exhibited  some  photographs  of  the 
Moon  taken  with  the  new  Thompson  telescope  at  Greenwich. 
One  was  taken  in  the  primary  focus,  the  image  being  2^  inches^ 
in  diameter,  and  on  one  of  Hill-Norris's  dry  collodion  plates.. 
Another  photograph  shown,  taken  on  Wednesday,  May  12,  was 
magnified  4*6  times  in  the  telescope,  giving  the  diameter  of  the 
Moon  as  ii|  inches,  corresponding  to  104  feet  focal  length.  The 
magnification  was  obtained  by  one  of   Dallmeyer's  tele-photo- 
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concave  magnifiers.     The  enlarging  camera  and  the  lens  were  the 

same  combination  that  he  took  out  with  him  to  Japan  for  the 

eclipse,  to  be  used  in  combination  with  the  Thompson  9-inch 

telescope,  and  it  was  used  here  with  the  Thompson  26-inch.     He 

trusted  that  they  would  be  able  to  get  results  better  for  exhibition 

purposes.     It  was  a  very  interesting  question  as  to  what  was  the 

best  process  for  obtaining  photographs  of  the  Moon.     On  the  one 

hand,  if  they  took  a  photograph  on  a  small  scale  in  the  primary 

Eocus,  having  abundance  of  light  they  could  obtain,  with  a  slow 

process  and  a  comparatively  short  exposure  of   not  more  than 

2  seconds,  a  good  photograph ;  so  that  these  dry  collodion  plates, 

'which  had  a  very  fine  grain,  gave  the  possibility  of  great  detail* 

TJnder  ordinary  conditions,  unless  special  arrangements  could  be 

devised,  it  was  hardly  practicable  with  the  Thompson  telescope  to 

obtain  a  picture  with  an  exposure  of,  say,  20  seconds,  on  account 

of  the  Moon's  motion  in  declination,  and  they  were,  on  May  12, 

limited  to  an  exposure  of  2  seconds ;  but  even  in  that  time  the 

Moon  would  have  moved  half  a  second  of  arc  in  declination.   There 

was  no  means  of  moving  the  plate.    It  seemed  to  him  to  be  rather 

a  balance  between  coarseness  of  the  grain  and  the  rapidity  of  the 

plate.     If  very  rapid  plates  were  used  they  had  a  coarse  grain, 

which  counteracted  the  advantage  of  direct  magnification  at  the 

telescope.     If  dry  collodion  plates  were  used  they  would  require  a 

much  longer  exposure,  and  practically  these  could  only  be  used  at 

the  primary  focus.    Besults  from  these  were  very  beautiful  when 

they  succeeded  in  obtaining  them,  but  it  was  not  always  that  they 

got  them,  as  these  plates  were  extremely  variable  in  their  action. 

It  was  a  question,  however,  that  required  working  out. 

Dr,  Common.  I  have  looked  at  the  negatives  of  these  photo- 
graphs, and  the  detail  appears  to  be  enormous.  As  to  the  question 
whether  it  is  best  to  take  a  small  image  in  the  primary  focus  or  an 
enlarged  image,  I  should  say  that  the  better  solution  is  to  take  the 
large  image  with  a  slow  plate,  using  mechanical  means  for  moving 
the  plate  in  declination.  Dr.  Draper  used  a  sliding  frame  for 
exposing  his  wet  plates,  and,  so  far  as  I  recollect,  it  had  not  a 
motion  of  rotation.  He  had  a  sand-clock  which  regulated  the 
moving  of  the  plate  in  the  line  of  the  Moon's  motion.  He  had  a 
fixed  telescope,  and  he  was  wise  in  that.  We  must  go  back  to  that, 
or  to  some  similar  plan,  in  order  to  get  details.  It  has  occurred  to 
me  that  a  simple  plan  would  be  to  have  a  rotating  plate.  The 
question  is,  however,  how  to  correct  for  the  varying  rate  of  the 
Moon.  If  the  motion  is  correct  for  the  maximum  rate  of  the 
Moon,  the  exposure  can  be  continued  for  20  or  40  seconds 
without  appreciable  error.  I  think  that  if  the  Astronomer  Royal 
would  apply  something  of  that  sort  to  his  telescope  he  would  be 
able  to  take  a  large  picture  with  either  a  wet  or  a  dry  plate  and 
obtain  some  very  magnificent  results. 

Capt  Hills.    Does  not  all  this  point  to  the  fact  that  the  equa- 
torial mounting  is  not  the  best,  because  if  we  take  the  form  of 
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mounting  like  the  coelostat  it  is  much  easier  to  correct  for  all 
forms  of  motion  ?  It  would  be  comparatively  easy  to  drive  the 
mirror  so  that  it  should  follow  the  motion  of  the  Moon. 

Mr,  A,  Taylor,  What  would  the  size  of  the  coelostat  mirror 
have  to  be  to  use  with  the  26-in.  telescope? 

The  Astronomer  Boyal,  There  is  another  solution  of  the 
question  preferable  to  making  the  plate  slide.  The  Thompson 
equatorial  at  Greenwich  is  provided  with  very  delicate  slow  motions 
and  with  a  powerful  guiding  telescope,  and  I  should  be  inclined 
to  try  to  use  the  guiding  telescope,  by  keeping  a  lunar  spot  as 
perfectly  as  possible  on  the  cross  wires.  That  has  actually  been 
done  with  the  Astrographic  telescope.  An  exposure  was  made  for 
20  seconds  on  the  Moon  with  hand-guiding,  where  the  means  of 
guiding  is  not  so  delicate  as  in  the  case  of  the  Thompson  equatorial. 
I  think,  considering  the  smaller  size  of  the  instrument,  that  the 
photograph  obtained,  which  shows  Copernicus,  is  very  good.  It  is 
feasible  by  hand  motions  to  obtain  a  fair  photograph.  We  have 
means  of  accelerating  or  retarding  the  rate  so  as  to  equalize  the 
clock  with  the  rate  of  the  Moon.  As  regards  the  motion  of  the 
Moon  in  declination,  this  photograph  was  taken  under  most  un- 
favourable conditions.  There  are  two  ways  of  getting  over  the 
difficulty — we  may  either  take  the  Moon  when  the  variation  of 
declination  is  small,  in  which  case  the  exposure  can  be  extended 
for  a  time ;  or  we  might  apply  some  clockwork  arrangement  to  the 
slow  motion  in  declination,  and  this  would  be  better  than  giving  a 
sliding  motion  to  the  plate,  which  involves  a  good  deal  of  trouble. 
It  must  be  remembered  that  we  do  not  propose  at  Greenwich  to 
devote  the  Thompson  equatorial  to  the  endeavour  to  securing  the 
very  finest  photograph  of  the  Moon  that  can  be  obtained.  There 
are  so  many  other  important  uses  to  which  photography  can  be 
applied.  My  own  predilections  are  in  favour  of  working  in 
what  I  look  upon  as  the  more  useful  field  of  double  stars  and 
small  objects  of  that  sort.  In  ordering  the  instrument  I  was 
careful  to  stipulate  that  the  slow  motion  in  declination  should  be 
extremely  fine.  We  could,  if  necessary,  apply  clockwork,  or  the 
telescope  could  be  moved  in  declination  by  hand.  I  should  be 
disposed  in  the  first  instance  to  try  the  hand  control. 

Mr.  A,  Taylor.  I  think  Schaeberle  in  America  is  trying  this 
form  of  hand-driving  with  a  Gassegrain  telescope,  and  he  says  he 
can  get  exposures  as  long  as  45  and  60  seconds  without  any  great 
movement  being  shown  on  the  film,  so  that  the  method,  if  it  can 
be  carried  out,  would  seem  to  be  a  most  promising  method  for 
obtaining  a  photograph  of  the  Moon.  It  is  interesting  to  know 
that  at  Paris  they  have  adopted  the  sliding-plate  method  in 
preference  to  attempting  to  move  the  very  heavy  equatorial. 

The  President.  We  have  the  privilege  to-night  of  welcoming  a 
very  distinguished  visitor,  namely,  Mr.  Swasey,  of  the  United 
States.    He  is  a  man  of  great  eminence,  and  an  engineer  who  has 
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devoted  his  skill  to  making  mountings  for  astronomical  instru- 
xoents^  and  the  firm  with  which  he  is  connected  has  been  patting 
up  the  mounting  for  the  Yerkes  telescope  :  we  shall  be  glad  if  he 
^ill  favour  us  with  some  remarks  on  his  line  of  work. 

Mr.  Swasey.  I  am  very  pleased  to  meet  you  this  evening,  and 
nm  very  gratified  at  the  kind  expressions  of  your  President  with 
regard  to  the  work  with  which  I  have  been  connected.  With 
regard  to  the  great  equatorial  which  has  recently  been  constructed, 
although  it  is  not  yet  quite  complete,  it  will  probably  be  in 
working  order  within  two  or  three  weeks.  I  rather  hesitate  to 
give  any  figures  with  regard  to  that  instrument  because  I  know 
they  are  disappointing.  It  is  an  extremely  large  instrument 
and  is  the  most  powerful  refracting  telescope  yet  constructed, 
iilthough  there  are  others,  I  understand,  in  process  of  construction. 
The  aperture  is  40  inches  in  diameter  and  the  focal  length  62  feet. 
The  instrument,  when  completed,  will  weigh  about  70  tons,  and  I 
may  say  that  when  we  get  to  that  size  it  gets  past  instrument- 
making — we  then  get  to  engineering.  The  cylinder,  62  feet  long 
and  4  feet  in  diamet-er,  weighing,  with  its  accessories,  about  8  tons, 
has  to  be  as  easily  handled  as  a  smaller  equatorial,  and  therefore  we 
have  some  elements  of  difficulty  to  overcome.  When  the  clock- 
work moves  the  instrument  in  B».A.  it  has  to  move  20  tons — ^the 
hands  of  the  clock  weigh  20  tons — so  that  we  have  to  prevent 
all  the  friction  we  possibly  can.  I  might  continue  to  mention 
weights  and  diameters  in  this  way,  but  I  will  not  trouble  you.  The 
instrument  is  designed  for  visual  work,  and  no  arrangement  has 
been  made  for  photography.  The  design  is  similar  to  that  of  the 
Lick  telescope,  the  general  feature  being  a  rectangular  column 
surmounted  by  a  cast-iron  head.  The  rectangular  column  is  made 
very  heavy  indeed,  and  that  is  the  basis  upon  which  the  whole 
rests,  and  this  is  set  upon  masoiiry  foundations.  The  motions  of 
this  great  instrument  are  controlled  principally  by  electricity.  In 
the  Lick  telescope  they  are  entirely  controlled  by  hand,  but  it  was 
found  in  moving  such  a  heavy  mass  that  it  was  well  to  apply 
electric  power  to  all  the  fine  motions,  so  that  the  large  motion  in 
H.A.  and  in  Declination  and  the  slow  motion  in  E.A.  and 
Declination  are  all  operat-ed  by  motors.  The  wires  controlling 
these  motors  all  come  to  the  eye-end  and  are  operated  by  the 
astronomer,  or  to  the  balcony  to  be  operated  by  the  assistant, 
and  so,  to  use  a  phrase  familiar  in  America,  "the  astronomer 
presses  the  button,  and  we  do  the  rest."  The  eye-end  is  supplied 
with  a  micrometer  designed  in  accordance  with  Mr.  Burnham's 
ideas,  and  as  we  all  know  what  excellent  work  he  has  done  in  that 
line,  we  were  only  too  ready  to  follow  his  designs. 

Once  when  talking  over  the  construction  of  the  micrometer  with 
Mr.  Burnham  we  suggested  that  it  would  be  well  to  use  electrical 
illumination  for  the  cross  wires,  and  Mr.  Bumham  said  that  a 
good  oil-lamp  was  good  enough  for  him ;  but  he  said,  **  When  I  am 
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gone,  perhaps  some  one  else  would  like  the  electricity,  so  it  "would 
be  well  to  have  both."  So  the  micrometer  is  to  be  illuminated  in 
both  ways.  I  know  you  all  agree  with  me  in  hoping  that  it  will 
be  long  before  the  electricity  is  used.  Mr.  Biu*nham  is  to  have 
charge  of  the  instrument  for  a  portion  of  each  week,  and  Professor 
Hale  will  work  with  the  spectroscope,  and  Mr.  Barnard,  who  has- 
recently  been  honoured  byjthis  Society,  is  also  to  use  the  instrument. 
About  the  last-named  astronomer,  I  want  to  say  that  those  who- 
are  especially  interested  in  his  works  and  those  who  know  him 
personally  have  nothing  but  the  greatest  praise  for  this  Society  for 
bestowing  upon  him  this  honour.  We  all  love  Mr.  Barnard,  he  is 
such  a  genuine,  noble  man,  and  when  he  is  honoured,  we  are  all 
honoured.  To  refer  again  to  this  telescope,  such  a  large  instrument 
requires  an  apparatus  to  enable  the  astronomer  to  accommodate^ 
himself  to  all  positions,  for  when  it  is  pointed  to  the  zenith  the 
object-glass  is  nearly  70  ft.  from  the  floor,  so  that  an  elevating 
floor  is  a  necessity.  That  is  75  ft.  in  diameter  and  has  a  rise  and 
fall  of  about  25  ft.  This  floor  is  operated  by  an  electric  motor,, 
and  is  controlled  at  will  by  the  astronomer.  The  dome,  which 
is  90  ft.  in  diameter,  and  weighs  200  tons,  is  revolved  by  electricity, 
and  that  is  under  the  control  also  of  the  astronomer.  As  I  have 
said,  the  instrument  has  not  yet  been  put  into  operation,  but  I 
think  it  will  be  within  a  few  weeks.  As  to  the  object-glass,, 
which  has  been  made  by  Messrs.  Clark,  and  weighs  about 
looojbs.,  the  transporting  of  that  object-glass  to  Geneva  Lake, 
100  miles  N.W.  of  Chicago,  will  have  to  be  done  with  great 
care.  The  distance  it  has  to  traverse  is  1200  miles,  and  it  has  been 
quite  a  problem  as  to  how  it  can  be  carried  in  safety.  One  of  our 
Pullman  sleeping-cars  has  been  chartered ;  the  glass  will  be 
carefully  packed,  and  so  taken  great  care  of. 

The  President.  I  am  sure  we  have  all  heard  these  remarks 
of  Mr.  Swasey  with  the  greatest  possible  interest.  It  is  very 
good  of  him  to  have  given  us  the  opportunity  of  hearing 
from  the  lips  of  the  maker  himself  some  account  of  this  won- 
derful machine. 

The  following  papers  were  announced  and  partly  read  : — 

W.  F,  Denning.     "  Zodiacal  Radiants  of  Pireballs." 

T.  J.  J.  See,  "  On  a  new  Binary  Star  with  a  Period  of  five  and 
one  half  years  (/3  883)." 

David  Grill.  "  On  the  Mean  Places  and  Proper  Motions  for 
1900  of  24  Southern  Circumpolar  Stars." 

Capt.  E.  H.  Hills.  **  On  the  Determination  of  Terrestrial 
Longitudes  by  Photography." 

S.  W.  Bumharn.     "  The  Orbit  of  /u  Draconis." 

Radcliffe  Observatory,  Oxford.  "  Observations  of  Comets  Perrine^ 
1896  Nov.  2,  and  Perrine  1896  Dec.  8." 
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W.  E.  Plwmmer,  *'  Cometarj  Observations  made  at  the  Liver- 
pool Observatory,  1896/' 

The  following  gentlemen  were  elected  Fellows  of  the  Society : — 

Arthur  W.  CUyden,  M.A.,  F.a.S.,  r.E.Met.Soc.,  F.C.S.,  Tech- 
nical and  University  Extension  College,  Exeter;  Herbert  Lovis 
Noel  Noel-Cox,  2  Edinburgh  Mansions,  Victoria  Street,  S.W. 


THE  BEITISH  ASTBONOMICAL  ASSOCIATION. 

The  sixth  ordinary  meeting  of  the  seventh  session  of  the  British 
Astronomical  Association  was  held  on  Wednesday,  April  28th,  at 
Essex  Hall,  Essex  Street,  Strand,  the  President,  Mr.  N.  E^ 
Ghreen,  F,B,A,S.,  in  the  Chair. 

Seventeen  new  members,  thirteen  of  whom  will  be  connected 
with  a  proposed  new  Branch  of  the  Association  in  Melbourne, 
were  elected,  and  the  names  of  sixteen  Candidates  for  Membership 
were  read  and  suspended. 

A  paper  by  Mr.  Edwin  Holmes  on  the  "  BrOtation  of  Venus '' 
was  read.  The  writer  after  alluding  to  the  two  opposing  views  of 
the  rotation  period  of  the  planet  pointed  out  that  the  advocates  of 
each  period  arrived  at  their  conclusions  by  ignoring  all  observations 
that  conflicted  with  their  own  views.  Mr.  Holmes  believed  that 
the  actual  observations  on  both  sides  were  trustworthy,  and  that 
no  theory  could  be  regarded  as  satisfactory  that  did  not  reconcile 
them.  Mars  had  been  usually  regarded  as  the  planet  having  the 
greatest  resemblance  to  our  Earth,  but  the  writer  contended  that 
he  was  almost  certain  that  Venus  was  more  a  counterpart  of  the 
Earth  than  any  other  planet.  AU  evidence  pointed  to  a  heavily 
cloud-laden  atmosphere.  There  was  no  sharp  configuration  as  on 
the  Moon  or  even  on  Mars,  although  Venus  was  more  brilliantly 
Hghted  and  the  contrast  between  peaks  and  shadows  should  be 
more  intensely  marked.  If,  then,  they  admitted  that  they  never 
saw  the  true  surface,  but  mainly  the  scattered  reflection  of 
sunlight  from  clouds,  and  that  the  less  bright  places  were  simply 
places  where  the  clouds  thinned  out  more  or  less,  and  allowed 
indistinct  vision  of  the  darker  body  beneath,  they  would  have  to 
record  the  Scotch  verdict  "  not  proven "  concerning  every 
alleged  determination  of  the  period  of  rotation.  This  would  be  a 
confession  that  they  knew  no  more  about  the  rotation  period  of 
Veiius  than  when  tf.  D.  Cassini  undertook  to  investigate  it  more 
than  200  years  ago,  but  it  would  be  in  harmony  with  the  opinion 
of  one  of  their  keenest  observers,  Schiaparelli,  who  had  stated 
wdth  regard  to  the  hypothesis  that  the  spots  were  permanent 
formations,  that  it  "  is  perhaps  as  imaginary  as  the  said  periods^ 
which  no  one  has  proved  up  to  now." 


{ 


1282  British  Astronomical  Association.        [No.  354. 

A  paper  on  the  same  subject  by  Mr,  Henry  MacEwerL,  Director 
of  the  Mercury  and  Venus  Section,  was  next  read.  The  Director 
«tated  that  the  members  of  the  Section  were  divided  in  opinion  on 
the  question.  Some  favom'ed  a  period  comparable  to  that  of  the 
Earth,  some  a  long  period,  and  others  had  failed  to  detect  any 
reliable  evidence  on  the  question.  The  opinion  of  Herr  Brenner, 
;a  member  of  the  section,  is  well  known,  and  is  given  by  him  with 
great  exactness  as  23**  57™  36". 

Herr  Brenner  claims  to  have  seen  the  planet  turning  round. 
The  Eev.  T.  H.  Eoulkes,  as  the  result  of  a  series  of  observations 
made  at  Devonport,  came  to  the  conclusion  that  it  was  impossible 
even  to  suggest  what  Venus  did  in  the  matter  of  rotation,  but  he 
was  strongly  of  opinion  that  the  rotation  period  must  be  short, 
jBay  24  hours  + ,  and  that  a  period  of  several  days  was  quite  out 
of  the  question.  The  Director  himself  was  at  one  time  of  this 
opinion,  but  since  1895  he  had  come  to  the  conclusion,  from  a 
oareful  discussion  of  all  available  drawings  back  to  the  time  of 
•Gassini,  that  a  rotation  period  of  224-7  ^ys  ^^^^  agreed  with  the 
evidence.  He  himself  had  never  seen  any  sign  of  rotation  of  ihe 
planet. 

Mr,  W,  H,  S.  MoiicJc,  in  a  paper  on  the  same  subject,  doubted  the 
i-eliability  of  drawings  of  very  faint  markings,  and  suggested  that 
An  arrangement  should  be  made  for  drawing  the  planet  at  the 
fiame  hour  at  difPerent  stations  and  by  different  observers. 

Mr,  Maunder  thought  that  there  was  a  good  deal  in  the  point 
raised  by  Mr,  Holmes  in  the  beginning  of  his  paper.  K  they 
'Compared  Venus  and  the  Earth  together  as  to  mass  and  size  they 
found  them  to  be  the  two  planets  that  most  resembled  each  oth^ 
of  the  whole  solar  system.  They  would  naturally,  therefore, 
oxpect  Venus  to  have  an  atmosphere  not  differing  greatly  from 
our  own.  But  it  was  pretty  certain  that  observers  on  lld^rs  or 
Venus  would  be  able  to  distinguish  little,  if  any,  of  the  geo- 
graphical features  of  our  planet.  It  was,  however,  exceedingly 
probable  that,  assuming  a  period  of  about  24  hours  for  Venus, 
Atmospheric  currents  might  be  set  up  on  that  planet  which  would 
have  the  appearance  of  faint  markings,  which  would  necessarily 
hold  a  definite  relationship  with  the  terminator,  and  would 
therefore  give  rise  to  the  idea  that  Venus  actually  rotated,  not  in 
24  hours,  but  in  224  days. 

Mr,  Q,  F,  Chambers  thought  that  there  had  been  too  much 
dogmatism  with  regard  to  the  markings  of  Venus  and  the  con- 
olusions  which  had  been  drawn  from  the  observations  of  those 
markings.  He  was  bound  to  say  that,  using  a  very  good  6-in. 
Grubb  refractor,  he  had  been  able  to  make  very  little  out  of  the 
planet,  and  he  believed  that  they  would  never  be  in  a  position  to 
draw  any  safe  and  sound  condus'ions  about  the  planet  until  it  had 
been  subjected  to  a  long  course  of  observation  with  some  of  the 
nrery  largest  telescopes  in  existence. 

Mr,  Wesley  observed  that,  assuming,  as  Mr.  Holmes  had  done,  s 
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similarity  of  atmospheric  conditions  between  Venus  and  the  Earthy 
they  would  expect,  if  the  rotation  of  Venus  was  a  rapid  one,  to 
see  some  trace  of  belts  caused  by  trade-winds. 

The  President  wished  to  throw  out  one  or  two  hints  with  regard 
to  the  use  of  telescopes  in  difficult  seeing.  The  edges  of  either 
an  object-glass  or  a  mirror  were  the  parts  where  the  difficulty 
arose,  and  the  use  of  a  stop,  even  a  small  stop,  under  such  cir- 
cumstances would  be  found  a  great  advantage.  On  one  occasion 
he  had  been  greatly  puzzled  by  the  behaviour  of  his  i8-in.  reflector, 
and  had  tried  stop  after  stop  without  success,  until  at  last  he  had 
stopped  down  to  about  seven-inch  opening,  and  then  he  got  a 
satisfactory  view.  Of  course,  under  such  atmospheric  conditions 
a  small  telescope  would  do  work  as  good  or  better  than  a  large 
one. 

Mr.  Griffiths  said  that  he  had  observed  Venus  on  some  twenty 
nights,  and  on  every  occasion,  if  definition  was  good,  he  had  been 
able  to  see  some  markings.  He  had  observed  the  planet  for" 
3  hours  on  one  occasion,  but  he  had  never  seen  any  turning. 
The  markings  never  moved  at  all  from  the  positions  in  which 
he  saw  them,  with  regard  to  the  terminator ;  as  the  crescent 
narrowed  they  moved  with  the  terminator  towards  the  limb.  He 
had  never  seen  anything  that  gave  the  idea  of  dense  clouds, 
although  some  of  the  markings  suggested  a  slight  mist. 

The  second  interim  report  of  the  Mercury  and  Venus  section 
was  read,  and  a  number  of  photographs  and  drawings  of  Venus — 
the  former  by  Mr,  Offord,  and  the  latter  by  Mr.  F&ulJces — were 
exhibited. 

Papers  by  Mr.  Monch  on  "  The  Limits  of  the  Universe,''  by 
Herr  Brenner  on  "  The  Rotation  of  Uranus,"  by  Mr.  William  Oodden 
on  "  A  Naked-eye  Observation  of  Mercury,"  and  by  Mr.  S.  E.  Peal 
on  "  The  Dark  Tints  of  the  Lunar  Maria  "  were  read. 

Herr  Brenner's  paper  was  accompanied  by  12  drawings,  and  the 
conclusion  he  had  arrived  at  was  that  Uranus  rotated  in  about 
8 1  hours.  Twenty  drawings  of  Mercury  by  Herr  Brenner  were 
also  shown,  which,  he  contended,  proved  the  impossibility  of  a 
slow  rotation  period  beyond  doubt. 

OUhe  President  announced  that  Miss  Brown,  the  Director  of  the 
Solar  Section,  had  made  the  Association  a  present  of  .£50  towards 
the  cost  of  erecting  the  new  observatory  on  the  site  offered  by  the 
Eoyal  Botanical  Society. 

Mr.  Petrie  mentioned  that  the  President  had  offered  his  fine 
i8-in.  reflector  for  the  Observatory,  and  that  Mr.  Calver  had  also 
offered  optical  aid. 

The  death  of  Mr.  Adam  Hilger^  a  member  of  the  Association, 
was  mentioned,  and  a  resolution  of  regret  and  condolence  with 
the  widow  and  family  adopted. 

The  Meeting  then  adjourned. 
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EOTAL  METEOEOLOGICAL  SOCIETY. 

The  Monthly  Meeting  of  this  Society  was  held  on  Wednesday 
afternoon,  the  19th  May,  at  the  rooms  of  the  Eoyal  Astronomical 
Society,  Burlington  House,  Mr.  E.  MawUy,  F.E.H.S.,  President, 
in  the  Chair. 

Mr.  F.  Gaster,  of  the  Meteorological  Office,  read  a  paper  by 
himself  and  Mr.  R.  H,  Scott,  F.E.S.,  on  the  mean  monthly  tem- 
peratures of  the  British  Isles.  The  authors  dealt  with  the  means 
^f  the  daily  minimum,  average,  and  maximum  temperatures  for 
the  various  months  of  the  year  in  the  25  years  1871-95.  They 
pointed  out  that  there  is  a  great  difference  between  the  amount 
of  range  of  temperature  at  the  coast  stations  and  that  recorded 
inland.  The  range  between  January  and  July  amounts  to  about 
16°  at  coast  stations,  but  to  more  than  23°  at  the  inland  stations. 
The  contrast  between  the  temperature  of  the  air  at  inland  and  at 
•coast  stations  at  different  times  of  the  year  is  due  to  the  following 
causes  : — (i)  The  constant  tendency  of  the  Sun  to  heat  the  surface 
of  the  Earth ;  (2)  the  equally  constant  tendency  of  the  Earth  to 
radiate  its  heat  into  space — both  of  these  being  modified  greatly  by 
the  aqueous  vapour  and  the  clouds  suspended  in  the  atmosphere  ; 
(3)  the  fact  that  the  solid  portions  of  the  Earth  absorb  and  reflect 
heat  much  more  rapidly  than  the  water ;  and  (4)  that  while  the 
ocean  to  the  westward  is  of  enormous  size  and  great  depth,  the 
sea  to  the  eastward  is,  comparatively  speaking,  limited  in  area  and 
shallow,  and  separates  the  eastern  shores  of  the  British  Islands 
from  those  of  continental  Europe  by  a  small  distance. 

A  paper  by  Mr.  C.  V.  Bellamy  on  "  The  Eainfall  of  Dominica, 
West  Indies,"  was  also  read.  The  author  gave  an  interesting 
•account  of  the  climate  of  the  island,  and  then  discussed  the 
monthly  returns  of  rainfall  from  27  stations  during  the  four  years 
1893-96.  The  rainy  season  extends  from  July  to  November,  the 
other  months  representing  the  dry  season.  The  month  of 
November  1896  was  the  wettest  on  record. 


Edward  James  Stone. 

Within  the  last  year  several  vacancies  have  appeared  with  terrible 
suddenness  in  our  astronomical  ranks.  We  were  not  in  any  way 
prepared  to  lose  Gould  or  Tisserand,  and  from  among  those  whose 
fame  was  not  so  world-wide,  but  whose  faces  were  familiar  to 
English  astronomers,  George  Hunt  and  Sidney  Waters  have 
vanished.  Now  wdth  the  same  lack  of  warning  we  miss  Stone. 
It  is  difficult  to  realize  :  he  was  so  active  and  energetic  and  looked 
so  well  and  strong,  in  spite  of  his  66  years.  Many  men  a  dozen 
years  younger  would  have  hesitated  to  go  to  Nova  Zembla  last 
year,  and  one  would  not  have  wondered  at  their  hesitation ;  but 
tthere  did  not  seem , anything  remarkable  in  Stone  undertaking 
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i;he  expedition.  His  age  sat  so  lightly  upon  him  that  it  was  a 
positive  effort  to  think  of  him  as  nearing  the  "  three  score  years 
^nd  ten/'  and  without  any  incongruity  he  ranked  as  a  man  in  the 
prime  of  life. 

He  was  bom  1831,  February  28,  the  elder  son  of  Edward  Stone 
•of  London.  The  family  came  from  Devonshire.  He  went  up  to 
-Cambridge  late  in  life,  according  to  the  usual  standard;  but  his 
higher  education  began  only  when  he  was  20,  and  under  the 
-circumstances  his  scholarship  at  Queen's  in  1856,  and  his  degree 
as  fifth  wrangler  in  1859,  are  somewhat  remarkable.  In  i860  he 
succeeded  Main  as  Chief  Assistant  at  Greenwich — as  he  afterwards 
succeeded  him  in  the  appointment  of  Eadclitfe  Observer  at  Oxford. 
By  a  curious  series  of  coincidences,  Main  and  Stone  both  went  up 
to  Cambridge  rather  late :  to  the  same  College  (Queen's) ;  were 
sixth  and  fifth  wranglers  respectively ;  were  both  appointed  Chief 
Assistant  at  Greenwich  within  a  year  of  taking  their  degrees; 
were  Radcliffe  Observer  for  19  years  each ;  and  both  died  on  the 
9th  of  May. 

In  turning  over  the  Astronomer  Eoyal's  reports  for  the  years 
1 860-1 870,  during  which  Stone  was  Chief  Assistant,  I  came  across 
various  references  to  him,  of  which  the  following  is  worth  quoting. 
It  was  (so  far  as  I  know)  unusual  in  Airy  to  subordinate  his  own 
judgment  to  the  extent  indicated,  and  the  extract  is  a  testimony 
to  Stone's  force  of  character.  It  is  from  the  report  of  1870: — 
"We  have  lately  begun  to  act  on  the  system  of  using,  for  the 
reduction  of  each  night's  observations,  the  Nadir  Point  and  the 
Correction  for  Euns  determined  on  that  night.  I  have  for  the 
present  adopted  this  system  at  the  suggestion  of  Mr.  Stone.  It  is 
to  be  remarked  that,  while  on  the  one  hand  it  makes  each  night 
independent  of  the  faults  of  all  other  nights,  on  the  other  hand  it 
leaves  all  results  affected  by  the  one  unbalanced  error  of  the  one 
determination.  My  own  judgment  is  in  favour  of  using  the  mean 
of  several  nights'  determinations  when  there  is  no  obvious  sign  of 
instrumental  change.  It  is,  however,  a  point  on  which  experienced 
men  may  well  differ." 

While  at  Greenwich,  Stone  rediscussed  the  observations  of  the 
Transit  of  Venus  in  1769,  and  for  this  work  obtained  the  Gold 
Medal  of  the  Koyal  Astronomical  Society  in  1869 — just  a  hundred 
years  after  the  transit. 

There  is  no  doubt  that  Stone  worked  very  hard  at  Greenwich, 
'AS  indeed  throughout  all  his  life.  It  is  common  knowledge  that 
lie  was  sent  to  the  Cape  to  do  a  piece  of  hard  and  tedious  work,  to 
make,  in  fact,  the  Cape  Catalogue,  which  he  did  make.  Our  know- 
ledge of  the  southern  hemisphere  was  getting  more  and  more 
into  arrear,  and  vigorous  measures  were  required  if  the  matter 
was  not  to  become  hopeless.  By  ten  years'  hard  work  Stone 
produced  the  Cape  Catalogue  of  12,441  stars  (Epoch  1880).  The 
impression  conveyed  by  these  figures  to  the  majority,  even  of 
astronomers,  is  probably  not  a  very  definite  one;   but  if  they 
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will  accept  the  word  of  those  who  have  had  experience  of  this  kind 
of  work,  they  will  give  all  concerned  in  the  production  of  thia 
Catalogue  credit  for  unsparing  devotion  and  patience.  By  way  of 
illustration  (though  there  are  many  circumstances  to  be  taken  into- 
account  impossible  to  specify  here),  I  may  say  that  the  Greenwich 
Ten  Year  Catalogue  for  1880  contains  only  4059  stars.  I  saw 
something  of  the  preparation  of  this  Catalogue  and  I  know  what 
the  achievement  at  the  Cape  means. 

It  means  more  than  incessant  work  on  the  part  of  the  Director 
himself ;  it  means  that  he  had  the  power  of  inspiring  faithful  and 
ungrudging  labour  on  the  part  of  his  assistants.  Since  I  have: 
been  in  Oxford  I  have  heard  the  testimony  of  those  who  have 
worked  under  him  at  the  EadclifEe  Observatory ;  and  I  can  better 
understand  their  enthusiastic  following  where  he  led.  It  is,  I 
hope,  not  any  violation  of  confidence  to  try  and  represent  ia 
words  a  side  of  his  character  that  those  who  have  worked  under 
him  or  with  him  will  no  doubt  recognize,  however  clumsily  I 
may  set  it  down  here.  I  gather  that  when  occasions  arose  when 
it  was  necessary  to  point  out  some  mistake  on  the  part  of  one  of 
his  assistants — perhaps  a  mistake  implying  some  carelessness,  or 
having  at  least  that  appearance — and  when  Mr.  Stone  had  spoken 
in  his  energetic  way,  with  some  sharpness  possibly,  he  would 
almost  immediately  leave  the  room ;  but  in  a  few  minutes  he 
would  return  and  address  the  offender  on  some  independent  topic 
in  the  friendliest  of  tones.  His  return  might  be  expected  all  the 
sooner  if  the  sharpness  had  been  a  little  exceptional ;  and,  indeed, 
on  many  occasions  the  arrest  of  his  footsteps  could  be  noted 
before  he  had  reached  his  own  room  across  the  hall. 

The  Cape  Catalogue  left  him  little  time  for  other  work  during 
the  years  1870-79,  though  his  observations  of  the  Total  Solar 
Eclipse  of  1874  were  excellent.  In  his  time  at  Oxford  he  has 
produced  a  similar  Catalogue  of  more  northern  stars  (the  Eadcliffe 
Catalogue  of  6424  stars  for  1890),  but  he  could  here  work  more 
leisurely  and  had  time  for  other  projects.  He  undertook  the 
preparation  of  the  observers  for  the  Transit  of  Venus  in  1882, 
and  the  discussion  of  the  observations — a  considerable  labour. 
When  Dr.  Gill  wanted  heliometer  observations  of  the  minor  planeta^ 
(Iris,  Victoria,  and  Sappho)  Mr.  Stone  sat  up  till  aU  hours  of  the 
night  (though  then  nearly  60  years  old)  trying  to  secure  "  complete 
sets  "  in  the  variable  Oxford  climate.  Last  year  he  returned  to 
eclipse  work  after  an  interval  of  a  quarter  of  a  century,  and  came 
back  from  Nova  Zembla,  after  enduring  cold  and  hardship  and 
narrowly  escaping  shipwreck,  one  of  the  few  successful  observers, 
and  impressed  with  the  accuracy  of  his  own  observations  of  1874, 
On  the  day  before  his  death  he  was  selecting  a  site  for  setting  up 
his  instruments  for  trial  preliminary  to  the  expedition  to  India 
next  January. 

His  death  was  very  sudden.  The  week  before  he  had  been  on 
a  fishing  expedition  and  had  had  a  slight  accident.     He  wa» 
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devoted  to  fly-fishing,  which  he  said  required  all  his  thoughts,  and 
so  took  his  attention  completely  away  from  his  work ;  and  he  was 
remarkably  successful  with  both  rod  and  gun.  His  accident  may 
or  may  not  have  contributed  to  the  sudden  end  on  Sunday  morn- 
ing ;  but  the  doctor  who  saw  him  on  that  morning  gave  no  such 
idea,  or  any  warning  that  he  was  in  any  danger.  He  leaves  a 
wife,  a  son,  and  three  daughters. 

Mr.  Stone  was,  in  turn,  Secretary  and  President  of  the  Eoyal 
Astronomical  Society,  and  a  Fellow  of  the  Royal  Society.  He 
received  the  Gold  Medal  of  the  former,  as  above  stated ;  and  the 
Lalande  Prize  of  the  French  Academy  in  1881.  He  also  received 
the  degree  of  Doctor  of  Science  from  the  University  of  Padua. 

H.  H.  TuBioiE. 


The  Great  Meteoric  Shower  of  November. 

[Continued  from  p.  203.] 

Having  already  referred  to  some  of  the  principal  features  in  the 
history  of  the  Leonids,  it  will  be  desirable  to  consider  some  of  the 
details  of  observation  in  connection  with  this  stream.  And  here  I 
would  take  occasion  to  mention  that  the  minutiae  or  apparently 
insignificant  features  of  a  shower  always  deserve  critical  attention. 
Details,  though  frequently  ignored  as  unworthy  of  record,  and 
perhaps  almost  obliterated  by  more  imposing  features,  are  often 
indicative  of  most  important  consequences  when  properly  investi- 
gated and  understood.  It  is  not  too  much  to  say  that  the  more 
brilliant  aspects  of  a  meteoric  shower  are  not  necessarily  the  most 
significant,  though  usually  monopolizing  chief  attention.  In 
further  pursuing  the  subject,  it  is  intended  to  refer  to  the 
following  points : — 

The  position  of  the  apparent  astronomical  radiant  of  the 

Leonids. 
The  character  of  the  radiant,  its  duration,  area,  and  possible 

mobility. 
The  visible  aspect  of  the  individual  Leonids. 
Their  real  paths  in  our  atmosphere. 
The  minor  showers  visible  at  the  Leonid  epoch. 
The    expected    phenomena  at  the   ensuing  return   of  the 

Leonids. 
The  observations  necessary. 
The  November  shower  from  Biela's  comet. 

Position  of  the  Radiant. 

No  observation  of   a  meteoric  display  can    be  regarded  as 
complete    unless    it    includes    a    careful  determination    of    the 
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co-ordinates  of  the  centre  from  whence  the  meteors  radial 
This  is  usually  termed   the   "  radiant-point ;  '*  but   it  roust 
confessed  that  the  expression  is  liable  to  convey  a  mistaken  idi 
since  the  radiant  is  not  a  point,  but  often  an  area  several  degr^^^^ 
in   diameter.      It  must   therefore   be    understood   to   mean 
centre  of  the  particular  region  from  which  the  meteors  emani 
As  regards  the  Leonids,  the  radiant  appears  to  have  been 
definitely  ascertained  by  Prof.  Aiken  at  Emmettsburg,  U.S,^ 
and  Prof.  Olmsted  of  Yale  College,  U.S.A.,  in  1833,  and  it 
been  subsequently  determined  by  a  host  of  observers,  the  vchost 
accordant  positions  being  as  follow  : — 


Badiant-point  of  the  Leonids. 
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Obserrer  and  place. 

Aiken,  Emmettsburg,  U.S.A. 

D.  Olmsted,  Yale. 
G.  O.  S.,  New  York. 

A.  S.  Herschel,  Hawkburst. 
H.  A.  Newton,  New  Haven. 

B.  V.  Marsh,  Philadelphia,  U. 

E.  Heis,  Munster. 

E.  J.  Lowe,  Nottingham. 
G.  F.  Burder,  Bristol. 

J.  Graham,  Darlington. 

T.  Orumplen,.  London. 

J.  F.  W.  Herschel,  Hawkhnrst. 

A.  S.  Herschel,  Glasgow. 

Observers  at  Greenwich. 

R.  Grant,  Glasgow. 

J.  Plummer,  Glasgow. 

H.  Macleod,  London. 

F.  0.  Penrose,  Wimbledon, 
0.  Pritchard,  Isle  of  Wight. 
W.  H.  Wood,  Birmingham. 
D.  Smith,  Birmingham. 

0.  M.  Goulier,  Metz,  Germany. 

S.  H.  Miller,  Wisbeach. 

R.  P.  Greg,  Manchester. 

J.  Baxendell,  Manchester. 

T.  W.  Backhouse,  Sunderland. 

W.  R.  Dawes,  Haddenham. 

J.  R.  Hind,  London. 

J.  Birmingham,  Tuam. 

J.  0.  Adams,  Cambridge. 

F.  Brunnow,  Dublin. 
J.  Challis,  Cambridge. 

J.  H.  Gladstone,  Nottingham. 
H.  A.  Newton,  New  Haven. 

A.  0.  Twining,  New  Haven. 

G.  Sands,  Washington. 

F.  Bradley,  Evanstown,  U.S.A. 
J.  C.  Watson,  Ann  Arbor,  U.S. 
W.  Harkness,  Richmond,  U.S. 

B.  J.    Gillman,    Williamsto 
U.S.A. 
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Badiant. 
a.  S. 

Year.             Date.  ^  i        o  i              Obserrer  and  place. 

1869...    Nov.  13 151  o  -f  21  30  G-.  L.  Tupman,  Port  Said. 

1876...              19-20.  149  o  4-22  o  W.  F.  Denning,  Bristol. 

1877...              13 146  o  +26  o  T.  W.  Dackhouse,  Sunderland. 

„     ...              10-13  •  '48  o  -f  *4  o  W.  F.  Denning,  Bristol. 

1879...              13-15.  147  o  4-23  o  S.  J.  Perry,  Stonyhurst. 

„     ...             11-13.  148  o  4-25  o  H.  Gorder,  Cbelmsford. 

„     ...              13 148  o  +23  o  W.  F.  Denning,  Bristol. 

„     ...              15 151  o  4-22  o  E.  F.  Sawjer,  Cambridge,  Mass. 

1880...              11-12.  148  o  4-22  o  E.  F.  Sawyer,  Cambridge,  Mass. 

1885...              14-17  •  150  o  4-22  o  W.  P.  Denning,  Bristol, 

1887...              14 155  o  -j-25  o  D.  Booth,  Leeds. 

„     ...              14 150  o  +22  o  W.  F.  Denning,  Bristol. 

1888...              13 149  0+22  o  W.  F.  Denning,  Bristol. 

1890...              13-14  •  151  o  4-24  o  T.  W.  Backhouse,  Sunderland, 

1892...              19 153  o  4-21  30  H.  Corder,  Bridgwater. 

1895...              '3 ^5*  o  4-23  o  A.  S.  Herschel,  Slough. 

„     ...              13-17  •  '54  o  4-23  o  H.  Corder,  Bridgwater. 

„    ...              13 154  o  4-24  o  D.  Booth,  Leeds. 

„     ...              13 150  o  4-23  30  E.  R.  Blakeley,  Dewsbury, 

1896 ...              14 149  o  4-22  o  A.  S.  Herschel,  Slough. 

„    ...             I3-J4'  '4^  o  4-24  o  H.  Corder,  Bridgwater. 

„    ...              13 150  o  4-24  o  E.  R.  Blakeley,  Dewsbury. 

„    ...              14 150  04-2230  W.  F.  Denning,  Bristol. 

„    ...             14 149  o  4-23  o  W.  H.  Milligan,  Belfast. 

„    ...             14 152  o  4-21  o  J.  W.  Mears,  Galeulta. 

10-14 .  148  o  4-22  o  J.  F.  J.  Schmidt,  Atheni. 

7-15.  153  04-22  o  Greg  and  Herschel  (1863). 

12-13.  14S  />  +24  o  £.  Heis,  Munster. 

11-15.  149  o  4-23  o  R,  P.  Greg  (1876). 

1-15,  147  o  4-22  o  W.  F.   Denning    (from    yarioiui 

obserrations). 

y^ii  The  mean  position  deduced  from 

these  (70)  values  is 

j^^  149*^  28'  +^2*  52'. 

"^^  There  is  a  star  (mag.   5*7)  just 

^^  yisible  to  the  naked  eye  at  this  place ; 

it  is  a;  Leonis  of  Bode,  and  corre- 
^  sponds  to  Piazzi  IX.  230,  the  place 

y%y  for  1890  being 

149°  10'  +22^  28'. 

j^_  The   general    agreement  of   the 

^^  positions  included  in  the  table  is  very 

satisfactory,  considering  the  nature 

of  the  obserrations,  and  that  some 

of  the  obseryers  who  witnessed  the 

^^  shower  in  1866  had  little  experience 

'^fpo  in    meteoric    work.       The    Leonid 

Position    of  the   Radiant  (?)     radiant  is    however,   comparatively 

amongst  the  stars  in  the  Si^     f  ^7    ^O    5^^,    as    it   lies    amid   the 

of  Leo  bright  and  well-known  stars  of  the 

x2 
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Mckle,  whkfa  mrtt  m  eserileot  e<ndea.  aod.  mcworer,  the  Btreab 
«ro|rHl  frcm  i)««rlr  ali  tlie  lighter  meteon  of  this  Bjatem 
sft>rd  the  iDAUu  of  RcordiDg  their  directioiw  of  fli^t  with 
CMuidenble  aemrurf. 

Pinf.  Adams,  in  bis  UstoHcal  pi^ier  on  tbo  orUt  of  the 
Nov«iDl>er  meteon  ('  Monthly  Sodees,'  xxrii.  and  HiL),  adopted 
tlw  radiant  at  149°  it'  +23°  1'  from  6  ralnea,  and  this  agrees 
nithin  zo'  «ith  the  average  place  abore  giren  from  70  Talues. 
A  few  wunlr-teUcted  positions  will,  no  doubt,  gire  as  reliable  a 
centre  as  a  Wee  number  of  miscellaneoos  obsemtions. 

Different  obserrere  employ  difCerent  methods  of  fixing  the 
radiant.  Home  prefer  a  celestial  globe,  on  which  to  vaak  with  a 
•oft  pencil  the  tracks  as  observed.  Others  nse  star-charts  specially 
prepared  for  the  purpose,  such  as  the  maps  formerly  published 
under  the  auspices  of  the  Luminous  Meteor  Committ^  of   the 


Patlu  of  1 7  LeonidB  obssrved  at  Bi 


the  maraing  of  1879,  Not.  14. 


firitisli  Association.  Others,  again,  utilise  an  ordinary  star-atlas, 
which  is,  how<?ver,  only  serviceable  for  registering  paths  dooe  to 
th«  radiant.  Another  class  find  it  suffident  during  an  abundant 
•hovtv  to  uicit^ly  estimate  the  position  of  the  reliant.    Thia  can 
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l)e  easily  done  from  the  stationary  and  short-pathed  meteors 
appearing  at  or  close  to  the  centre,  but  it  is  scarcely  so  satis- 
factory as  carefully  recording  the  paths,  and  deriving  the  focus  of 
divergence  by  carrying  back  the  lines  of  flight  of  a  large  number 
of  meteors.  The  eye  and  memory,  if  quite  unsupported  in  the 
elEort  to  mark  and  retain  positions,  are  liable  to  become  fallacious 
guides,  so  that,  in  order  to  ensure  accuracy,  it  is  advisable  to 
depend  upon  actual  records. 

It  does  not  appear  probable  that  further  observations  of  the 
radiant  will  lead  to  its  more  precise  determination.  So  many 
practised  observers  have  applied  themselves  to  the  derivation  of 
this  feature  that  further  attempts  in  the  same  direction  will  only 
multiply  our  data  without  necessarily  increasing  the  very  important 
element  of  accuracy.  The  ordinary  eye-method  of  recording 
meteors  is  at  best  but  an  approximate  one,  and  if  we  require 
greater  precision  we  must  apply  another  agency  to  obtain  it.  The 
capabilities  of  photography  have  been  invitingly  suggested  for 
jHuB  purpose,  and  attempts  have  been  recently  made  to  utilize  it, 
hit  unfortunately  no  success  has  awaited  upon  the  initial  efforts. 
;  'portlier  ^endeaTours  in  the  same  direction  may  perhaps  be  more 
1-  jpvtifllactory,  and  it  may  be  depended  upon  that  further  experiments 

-'.  4rill  be  made  to  rend^  this  means  efEective. 

*.:  ■  ■ 

•;.;.*.,,■  Duration  of  the  Shower. 

iA-si- The*  extremely  feeble  character  of  the  display  at  its  com- 
^^mixm^t  and  termination  has  prevented  our  determining 
r'fto  exact  T]^ible  duration.  True  Leonids  are  undoubtedly  to  be 
:|»an  bistween  about  November  7  and  20,  and  quite  possibly  they 
Nbi^Sf  he^  to  fall  on  November  5  or  6,  but  the  evidence  is  not 
|<#fiudi|8ive  on  the  point.  A  search  through  catalogues  of  shooting 
^'JMrn  aiid  amongst  descriptions  of  the  Leonid  shower  gives  seme 
/vJtjHfence  of  its  activity  as  early  as  November  7  and  8  ;  thus 
■"  ICr:  Backhouse,  at  Sunderland,  in  referring  to  the  return  in  1871, 
tM/ynhe  was  surprised  to  see  two  Leonids  on  Nov.  8.  One  of 
: .  W00P  appeared  at  10^  37" ;  it  was  as  bright  as  Sirius,  and  perfectly 
Jj^  iipiiUar  to  the  Leonids  in  all  respects,  but  its  path  was  not  quite 
^;  <b(illfi&rmable  with  the  usual  position  of  the  radiant.  A  2nd  mag. 
<    MletQQr  was  also  seen  on  Nov.  18,  agreeing  in  appearance  and 

Eith  with  those  of  the  Leonid  shower.  Lieut.-Col.  Tupman,  in 
8^  Observations  of  Shooting-Stars,' ascribes  11,  and  probably 
T^,  meteors  among  32  registered  on  the  night  of  1869  Nov.  9  as 
belonging  to  his  radiant  of  the  Leonids,  No.  100  in  his  list.  But 
a  careful  examination  of  the  paths  shows  that,  except  in  two  or 
three  cases,  they  were  not  divergent  from  the  correct  position 
within  the  "sickle,"  and  that  they  belonged  therefore  to  other 
showers  in  the  same  region.  One  of  the  undoubted  Leonids 
recorded  by  Lieut.-Col.  Tupman  on  the  date  mentioned  was  as 
bright  as  Jupiter;  it  appeared  at  13**  37"  Q-.M.T.,  moved  very 
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rapidly  along  a  path  70°  + 13°  to  55°  +7°,  and  left  a  streak  oE  6® 
for  I  sec.  In  1877,  on  Nov.  7,  the  writer  at  Bristol  saw  several 
Leonids  among  81  meteors  observed  during  a  watch  maintained 
during  the  9  hours  from  9^  to  18^.  One  of  these,  a  fine  ist  mag., 
appeared. at  14*  32",  and  moved  swiftly  along  a  course  of  18°, 
from  110°  4*7°  to  95°  —2°,  leaving  a  bright  streak.  On  Nov.  10 
in  the  same  year  a  few  other  Leonids  were  recorded  at  Bristol 
during  a  watch  from  12*^  to  14''. 

Further  observations  will  probably  corroborate  the  evidence 
here  adduced  that  the  shower  opens  on  November  7.  Unlike  the 
Ferseids  of  August,  which  terminate  abruptly  a  few  days  after  the 
maximum,  the  Leonids  appear  to  linger  for  a  longer  period  than, 
that  covered  by  their  increase.  In  1876  November  20  the  writer 
registered  several  unmistakable  Leonids  near  the  radiant.  In  1892 
November  19  Mr.  Corder  saw  4  Leonids  which  indicated  a  radiant 
*t  153°  +2iJ°.  In  1895  November  17  Mr.  Corder  also  observed 
8  Leonids.  In  effect,  therefore,  the  visible  activity  of  the  shower 
extends  over  14  nights.  The  place  of  the  radiant  has  not  been 
determined  earlier  than  November  10,  owing  to  the  paucity  of 
meteors,,  but  it  might  be  deduced  by  combining  various  results. 

Character  of  the  Radiant, 

Many  observers  in  describing  their  results  refer  to  the  radiant. 
Prof.  Herschel  found  that  60  of  the  apparent  paths  recorded  by 
Mr.  Glaisher's  staff  of  observers  at  Q-reenwich  on  1866  November 
13  passed  a  small  circular  area  10°  in  diameter,  with  its  centre  at 
the  star  cc  Leonis  (B.  A.  C.  3423). 

Mr.  F.  C.  Penrose,  at  Wimbledon,  who  witnessed  the  same 
display,  concluded  that  a  circle  of  3°  appeared  to  be  more  consistent 
than  a  point  for  the  radiant. 

M.  G-oulier,  of  Metz,  stated  that  the  radiant  was  to  sharply 
defined  that  the  uncertainty  attaching  to  the  position  he  gave 
(149°  30'  4-23°)  was  less  than  1°.  His  supposition  has  proved 
perfectly  correct,  for  his  radiant  differs  less  than  |®  from  the  mean 
of  70  determinations  quoted  on  a  previous  page. 

In  1868  November  Prof.  Newton  considered  that  the  radiant 
would  be  best  represented  by  a  short  line  extending  between  the 
stars  e,  y  Leonis,  from  about  the  star  x  in  the  centre  of  the  Sickle 
to  y  Leonis.  "  The  direction  of  the  elongation  of  the  radiant- 
region  is  towards  the  Sun's  apparent  place,  a  conclusion  which  is 
regarded  by  Prof.  Newton  as  throwing  Hght  of  some  importance 
upon  the  theory  of  the  November  meteor-stream." 

A  large  number  of  additional  references  might  be  selected 
bearing  upon  the  character  of  the  radiant.  They  are,  however, 
frequently  so  diverse  in  nature  that  they  can  hardly  be  said  to 
prove  anything.  Some  observers  speak  of  the  radiant  as  extremely 
diffuse  and  extending  right  over  the  space  lying  within  the  curve 
of  the  Sickle,  while  certain  others  mention  it  as  a  very  sharp  and 
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efinite  focus  in,  or  nearly  in,  the  centre  of  the  curve.     Many 

^agree  that  its  position  is  readily  and  accurately   determinable 

from  the  stationary  or  foreshortened  meteors  appearing  in  or  near 

it.     The  writer  has  usually  found  the  radiant  a  very  well-marked 

sind  contracted  centre,  in  fact  the  best  observed  Leonids,  when 

"their  lines  of  flight  are  traced  back,  usually  intersect  almost  at  a 

3)oint.     A  small  proportion  of  the  meteors  seem  to  be  a  little 

erratic,  but  this  may  be  due  to  mistakes  in  identifying  the  true 

Xieonids.     The  Leonid  radiant  may  be  certainly  regarded  as  a  very 

limited  focus  and  entirely  different  in  character  to  that  of  the 

Andromede  meteor-shower  in  1885  November  27,  the  radiant  of 

which  formed  a  large  area  of  7®  or  lo**  diameter. 

The  observations  required  to  definitely  ascertain  the  particular 
form  of  a  meteoric  radiant  must  necessarily  be  of  a  very  critical 
and  accurate  kind,  as  well  as  pretty  numerous.  Great  care  must 
also  be  exercised  in  attributing  the  meteors  observed  to  their 
proper  radiants.  The  members  of  other  streams  in  contemporary 
action  tend  to  complicate  matters  and  to  impart  an  appearance  of 
diffusion  to  the  main  stream  unless  they  are  suitably  allowed  for. 
A  thorough  knowledge  of  the  various  showers  is  therefore  necessary 
in  a  research  of  this  kind.  Undoubtedly  some  meteoric  radiants 
are  very  scattered  and  indefinite,  but  many  varieties  exist,  and  the 
feature  named  is  often  only  an  apparent  one  introduced  by  obser- 
vational errors  and  mistakes  in  allocation.  In  the  mornings  of 
November  meteoric  radiants  are  so  closely  packed  in  the  south- 
eastern sky  that  great  experience  and  discrimination  are  necessary 
both  in  gathering  and  reducing  materials.  This  is  an  enquiry  in 
which  photography  may  afford  us  valuable  information  if  it  can  be 
successfully  applied,  A  photograph  of  the  region  of  the  sky  at 
and  surroimding  the  radiant  of  a  rich  shower  would,  if  a  sufficient 
number  of  trails  were  found  impressed  on  the  plate,  go  far  to 
settle  the  feature  under  discussion. 

Is  the  Radiant-point  fixed  or  movable  1 

This  question  was  discussed  in  the  'Observatory,'  1897  Jan., 
p.  55,  and  little  need  be  added  to  the  particulars  there  given. 
Though  the  feature  alluded  to  might  be  disposed  of  by  close 
observation  on  a  series  of  clear  moonless  nights,  it  does  not  appear 
that  any  adequate  effort  has  hitherto  been  made  to  investigate  it. 
According  to  the  late  Dr.  Kleiber,  the  radiant  should  become  dis- 
placed 1°  doily  to  the  eastward,  but  the  positions  observed  by  the 
writer  between  Nov.  10  and  20  show  no  such  movement.  The 
data  are,  however,  quite  insufficient  to  test  the  matter  definitely, 
and  it  is  hoped  that  attention  will  be  paid  to  this  circumstance 
during  the  next  four  years.  It  may  be  confidently  expected  that 
meteors  will  be  plentiful  enough  during  the  4  or  5  nights  preceding 
and  following  Nov.  14  to  allow  the  radiant  to  be  separately  deter- 
mined on  each  date.     Long  watches  may,  however,  be  essential  on 


244  Unrecorded  Nebula.  [No.  254. 

the  opening  and  closing  nights  of  the  display,  as  it  is  sure  to  be 
weak  at  such  times,  and  it  is  desirable  to  ascertain  the  place  of  the 
radiant  on  dates  as  widely  asunder  as  possible,  as  they  are  more 
likely  to  exhibit  a  displacement  than  those  for  succeeding  nights. 

W.  F.  Denning. 

[To  be  continued.] 


Nebul(B)  unrecorded  in  the  Catalogues,  found  on  Photographs 

taken  at  Starfield,  Crowborough, 

The  photographs  here  referred  to  were  taken  with  the  20-inch 
reflector  at  my  observatory  on  Crowborough  Hill  on  the  dates 
affixed  to  each  respectively ;  and  the  catalogues  referred  to  in  the 
heading  are  the  '  New  G-eneral  Catalogue '  and  the  '  Index  Cata- 
logue '  by  Dr.  Dreyer,  published  in  the  '  Memoirs  of  the  Royal 
Astronomical  Society.'  I  wish  to  express  my  indebtedness  to 
Dr.  Dreyer  for  collecting  the  materials  from  all  available  sources 
and  compiKng,  with  manifest  labour  and  care,  this  book  of 
reference  so  valuable  to  astronomers. 

The  co-ordinates  of  the  positions  of  the  new  nebulas  are  given 
from  measurements  made  from  the  nucleus  of  the  nearest  object 
to  them  found  recorded  in  the  N.  G.  C,  the  epoch  of  which  is  the 
year  i860. 

Region  of  ^  I.  217  AurigaB,  N.  G.  C.  1579;  Nova,  R.A.  4** 
21"^  38",  N.P.D.  54°  5 1 ''9. — Nebulosity  very  faint;  circular  in 
form ;  15th  mag.  star  involved  on  the  north  margin  and  17th  mag. 
star  close  to  the  north  preceding  side.     1894  January  9th. 

Region  of  ^  11.  37  Virginis,  N.  G.  C.  4527 ;  ISova,  R.A.  12^ 
25"  28",  N.P.D.  86°  34'-4.— Pretty  faint ;  elongated  north  fol- 
lowing to  south  preceding;  no  structure  or  nucleus;  17th  mag, 
star  on  the  north  preceding  side,  and  a  bright  star  on  the  south 
following  side.     1894,  March  25th. 

Region  of  ^  I.  92  Comae  Berenicis,  N.  G.  C.  4559  ;  Nova,  R.A. 
12^  30°*  23*,  N.P.D.  61°  i''2. — Like  a  15th  mag.  star  involved  and 
surrounded  by  faint  nebulosity;  a  15th  mag.  star  102"  north 
following  and  a  14th  mag.  near  it.     1894,  May  ist. 

NovaR.A.  i2»»32"^  2i%N.P,D.  61°  i8'-6.— Very  faint;  elongated 
south  following  to  north  preceding  and  pointing  to  a  1 5th  mag. 
star  1 6^"  distance  from  the  south  following  end.  Within  a  radius 
of  10',  with  this  object  as  a  centre,  are  several  nebulous  stars  of 
1 6th  to  17th  mag.     1894,  May  ist. 

Region  of  y  VI.  41  Draconis,  N.  G.  C.  6412  ;  Nova,  R.A.  17** 
26™  21*,  N.P.D.  14°  i'*2. — Pretty  bright;  elongated  north  to 
south;  no  distinct  nucleus;  bright  star  south  preceding  and  15th 
mag.  star  north  following.  ^  VI.  41  is  described  as  a  globular 
cluster,  but  it  is  a  left-hand  spiral  nebula  with  stellar  nucleus  and 
a  small  bright  star  and  five  or  six  stellar  condensations  in  the 
spirals.     1895,  September  1 1  th. 
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Eegion  of  9  VIII.  76  Cjgni,  N.  G-.  0.  6991 ;  Nova,  E.A. 
20^  51™  ii",  N.P.D.  43**  7'. — ^The  nebula  precedes  and  involves  the 
star  D.M.  301 1,  Zone  +46*',  mag.  6  ;  is  about  6^'  iu  length  from 
north  to  south,  and  5'  in  breadth  from  preceding  to  following; 
irregular  in  structure  and  in  outline;  nebulosity  of  a  fleecy 
character,  with  many  stars,  both  bright  and  faint,  involved  in  it. 
1895,  September  13th. 

Eegion  of  9  11.  240  Pegasi,  N.  G.  C.  7814;  Nova,  R.A. 
23**  54™  57",  N.P.D.  74°  i2'-4. — Very  faint;  round,  about  30"^  in 
diameter;  no  structure.     1895,  November  17th. 

Nova,  E.A.  23*"  55"*  28%  N.P.D.  74°  9'-4. — ^Faint ;  elongated 
north  to  south;  one  of  three  15th  mag.  stars  involved;  con- 
densation at  the  northern  extremity ;  length,  including  the  star  42^^. 
1895,  November  17th.  ' 

Nova,  E.A.  23*^  55"  31*,  N.P.D.  74°  ii'-8.— Bright ;  small; 
slightly  elongated  preceding  to  following ;  faint  nucleus ;  17th 
mag.  star  close  to  the  preceding  end.     1895,  November  17  th. 

Nova,  E.A.  23*^  56°^  2%  N.P.D.  74°  49'-8.— Bright ;  elongated 
north  following  to  south  preceding  about  50'' ;  stellar  nucleus ; 
about  17  th  mag.,  four  12  to  16  mag.  stars  on  the  south  near  it. 
1895,  November  17  th. 

Eegion  of  9  I.  157  Trianguli,  N.  G.  0.  672;  Nova,  E.A. 
jh  ^^ra  ^^8^  N.P.D.  6^^  2  2 ''3. — It  is  nearly  as  large  and  prominent 
as  9  I.  157,  and  distant  from  centre  to  centre  8'  only;  nucleus 
consists  of  6  faint  stellar  condensations  forming  a  straight  line 
in  the  direction  south  following  to  north  preceding,  and  there  are 
6  or  7  very  faint  condensations  of  nebulosity  near  the  preceding 
margin ;  15th  mag.  star  on  the  north  preceding  margin  and  a  i6th 
mag.  star  at  the  south  following  end  of  the  nucleus.  1896, 
November  29th. 

It  is  remarkable  that  this  object  should  have  escaped  detection 
by  the  many  keen  observers  who  have  examined  the  nebula 
9  I.  157,  which  is  only  four  minutes  of  arc  distance  from  it;  and 
it  appears  to  me  that  we  are  justified  by  the  evidence  in  inferring 
that  this  nebula  has  come  into  the  state  of  visibility  during  the 
past  half-century.  Lord  Eosse  in  1876  made  seven  observations 
of  the  nebula  adjoining,  but  does  not  refer  to  this  one.  It  is 
remarkable  also  that  the  nuclei  of  the  two  nebulsd  are  straight 
lines  of  faint  nebulous  stars  immersed  in  nebulosity,  and  they  are 
so  clearly  depicted  on  the  photograph  that  I  think  they  should  be 
visible  to  the  eye  by  aid  of  telescopic  power. 

Nova,  E.A.  I*"  42"*  19%  N.P.D.  63°  29'7.— Faint ;  elongated 
south  following  to  north  preceding ;  faint  stellar  nucleus ;  pro- 
bably a  spiral ;  cluster  of  stars  9  to  15  mag.  on  the  south  side  13*^ 
following  the  nucleus.     1896,  November  29th. 

I  find  that  the  nebula  Swift  IX.  No.  165  '  Index  Catalogue '  is 
the  same  object  as  y  II.  612,  N.  G.  C.  No.  684. 

Eegion  of  M  87,  89,  and  90  Virginis ;  Nova,  E.A.  12^  26™  7", 
N.P.D.  76°  2  2''o. — Faint;  small;  round;  uo  structure.  1892, 
April  29th. 
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Nova,  E.I.  la^  26"  13%  N.P.D.  76^  2 2 '-3. —Probably  a  small 
spiral  nebula  with  a  nucleus  like  a  i6tli  mag.  star  surrounded  bj 
nebulosity.     1892,  April  29th. 

Nova,  E.A.  i2'»  26"  44',  N.P.D.  75^  54'-o.— Faint ;  round; 
small ;  with  a  nucleus  like  a  i6th  mag.  star.     1892,  April  29th. 

Nova,  E.A.  12''  28"  22%  N.P.D.  76°  28'-5.— Small ;  round; 
some  nebulous  condensations  involved.     1892,  April  29th. 

Nova,  E.A.  12**  29"  4o»,  N.P.D.  75°  58'-5.— A  streak  of  nebu- 
losity extending  in  north  preceding  direction  from  a  13th  mag* 
star;  two  12th  mag.  stars  near,  and  the  faint  comes  of  the  one  on 
the  north  following  side  seems  to  touch  the  nebulosity.  1892, 
April  29th. 

It  is  necessary  to  distinguish  on  photographs  between  faint 
stars  and  small  stars,  for  I  find  on  numerous  plates,  taken  during 
the  past  eleven  years,  stars  which  have  a  small  bright  nucleus 
surrounded  by  nebulosity,  and  they  are  quite  distinct  from  the 
normal  faint  stars  which  appear  as  small  round  spots  without  a 
nucleus.  If  I  were  to  register  all  those  faint  stars  having  a  small 
bright  nucleus,  the  list  would  be  a  very  long  one,  and  the  objects 
classified  as  ''small  circular  nebulas  with  small  bright  stellar 
nuclei.*'  Isaac  Eobbbts. 

Starfield,  Orowborough,  Sussex, 
1897,  May  ISC. 


CORRESPONDENCE. 

To  the  Editors  of  *  The  Observatory: 
The  Annular  Eclipse  of  March  15,  1858. 

GlNTLEBCEN, — 

It  is  now  nearly  forty  years  since  an  eclipse  of  the  Sun  was 
central  over  any  part  of  England,  the  last  being  that  of   1858 
March  1 5,  in  which  the  shadow  passed  in  a  north-easterly  direction 
from  the  western  part  of  the  coast  of  Dorsetshire,  through  Wilt- 
shire, Oxfordshire,  and  Northamptonshire  to  the  Wash.     It  was 
annular,  but  probably  momentarily  total  over  part  of  the  Atlantic 
Ocean  near  the  island  of  Madeira,  in  consequence  of  the  augmen- 
tation of  the  Moon's  diameter.    Those  of  us  who  are  old  enough 
will  remember  the  extensive  preparations  made  to  observe  it  in 
this  country  along  the  line  of  centrality,  which  were  nearly  all 
unsuccessful  on  account  of  the  unfavourable  state  of  the  weather. 
About  two  years  ago  was  published  the  '  Life  and  Letters  of 
Dean  Church,'  edited  by  his  daughter.  Miss  Mary  C.  Church.     He 
was  at  the  time  of  the  Eclipse  rector  of  the  small  village  of 
Whatley,  about  three  miles  from  Frome  in  Somersetshire,  which 
was  on  the  line  of  centrality,  and  describes  what  he  saw  in  a  letter 
to  Mr.  Johnson,  the  Radcliffe  Observer.   The  Sun  was  seen  through 
cloud  at  the  beginning  of  the  Edipse,  afterwards  only  for  a  moment 
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sibout  12*'  30"*,  when  about  thriBe-foarths  covered,  and  again  about 
:z*'  2",  when  the  annulus  had  become  a  thin  crescent,  a  quarter  of 
"fthe  complete  ring  being  wanting.    There  was,  therefore,  he  says, 
310  opportunity  of  seeing  any  of  the  sights  indicated  as  to  be  looked 
'loT :  "  of  observing  the  change  of  colour  in  the  sky,  for  no  sky  was 
nrisible  during  the  whole  time,  the  Sun  being  seen  only  through 
thin  clouds ;  or  of  noting  the  effect  in  bringing  the  horizon  near, 
for  there  was  a  thick  mist  apparently  all  round  the  distance,  and 
slightly  even  near.    After  all  my  lecturing  to  my  school-children, 
and  of  Mr.  Hind,  I  am  afraid  they  must  have  thought  me  a 
humbug ;  for,  though  the  effect  was  striking,  it  was  not  more  so  than 
the  closing  in  of  evening,  except  just  in  that  rapid  darkening  which 
came  on  for  a  minute  and  then  went  off  again."    Some  one  in  the 
neighbouring  country  town  (presumably  Frome)  seems  to  have 
indulged  in  a  particularly  silly  lark ;  for  Church,  in  a  letter  to  his 
friend  Dr.  Asa  Q-ray,  the  great  American  botanist,  writes  that  this 
person  "  sent  the  common  crier  round  to  announce  that,  in  conse- 
quence of  the  disappointment,  the  eclipse  would  be  repeated  next 
day.     I  don't  know  what  effect  the  announcement  had;  I  only 
know  that  the  bellman  took  the  fee,  and  very  solemnly  went  round 
the  town  to  cry  the  intelligence."    Probably  the  object  was  to  make 
iierry  over  those  who  were  ignorant  enough  to  be  taken  in ;  but 
it  was  surely  very  reprehensible.    In  a  note  to  the  letter,  inserted 
editorially,  we  are  told  that  the  eclipse  was  total ;  but  this,  of 
Course,  was  a  mistake  on  the  part  of  Miss  Church. 

Johnson,  it  will  be  remembered,  died  on  the  last  day  of  February 
in  the  following  year.  Writing  to  Dr.  Gray  a  few  months  after- 
Shards,  Church  says  that  he  had  just  seen  his  handwriting  at 
C3xford  "in  a  letter  to  the  widow  of  my  dear  friend  Manuel 
i^ohnson,  of  the  Radcliffe  Observatory.  I  was  very  much  gratified 
^t  seeing  how  much  he  was  appreciated  among  you ;  he  did  indeed 
Reserve  it.  A  nobler  mind,  a  larger  heart,  I  never  knew."  The 
>remark  makes  me  think  of  Johnson's  successor,  £ev.  Er.  Main, 
^whose  death  took  place  nineteen  years  ago  next  Sunday,  the 
^th  inst.  Yours  faithfully, 

Blackheath.  1897,  May  6.  W.  T.  IjYKS. 

P.S.  (May  17). — Since  the  above  was  written,  we  have  all  been 
deeply  concerned  to  hear  of  the  death  of  Main's  successor, 
Mr.  Stone,  on  the  anniversary  of  that  of  his  predecessor. — W.T.L. 

Solar  Motion  and  Stellar  Distances, 

Obntlemen, — 

In  your  May  number  you  publish  an  appreciative  notice  of 
a  paper  of  mine  on  the  Solar  Motion  as  a  gauge  of  Stellar 
Distances.  I  think  it  is  only  just  to  state  that,  shortly  after  the 
publication  of  this  paper,  I  found  that  its  main  points  had  been 
anticipated  by  researches  of  Professor  J.  C.  Kapteyn,  which  were 
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published  by  a  scientific  society  in  Holland,  in  1893.  So  far  as  I 
am  aware,  no  notice  of  these  researches  has  appeared  in  the 
current  scientific  journals,  except  that  an  English  abstract  by 
Miss  Gierke  was  published  in  1893  in  'Knowledge.'  This  fact  I 
overlooked. 

I  now  find  that  in  addition  to  anticipating  the  principal  points 
of  my  paper,  the  future  one  as  well  as  that  actually  published,  he 
has  gone  yet  farther  by  showing  relations  between  the  spectra  of 
the  stars  and  their  parallactic  motion  and  probable  distance. 
Under  these  circumstances  it  seems  proper  that  I  should  leave  the 
subject  in  his  hands,  and  limit  my  second  paper  to  some  methods 
of  estimation  not  hitherto  applied. 

Very  respectfully. 

Nautical  Almanac  Office,  S.  NbWOOMB. 

U.S.  Naval  Observatory, 
Washington,  1897,  May  17. 


A  peculiar  Spot  on  Jupiter. 

Gentlemen, — 

There  are  spots  on  Jupiter  which  remain  for  several  years 
apparently  unchanged,  or  at  least  almost  immovable.  Such  are 
the  *'  great  red  spot "  and  the  two  "  garnet-red  spots "  which  I 
observed  from  September  20  and  27,  1894,  till  June  8,  1896. 

I  have  good  reason  to  suppose  that  there  is  a  brilliant  double- 
spot  in  the  South  Temperate  Band,  above  the  left  "  shoulder,'* 
apparently  in  connection  with  the  "  great  red  spot,''  because  every 
drawing  shows  it  near  the  same  place.  Examining  my  drawings 
made  at  the  apparition  1894-95  I  found  three  spots  above  the  left 
"  shoulder,"  which  occupy  the  following  positions : — 

1895,  January  24  \=352°;       6°;  20®. 

27  \=     2   ;     10  ;  21 

March     16  X=346  ;  357  >  10 

18  X=35o  >       2 

April        4  X=35o 

A  glimpse  on  my  drawings  published  in  No.  3322  of  the  Astr. 
Nachr.  (also  in  Nos.  1553,  1556,  1560,  1564,  1569,  and  1574  of 
the  'English  Mechanic')  will  show  that  the  identity  of  these  three, 
a  triangle  forming  spots,  is  beyond  doubt. 

My  drawings  at  the  apparition  1895-96  (published  under  the 
title  "  Jupiter- Beobachtungen  1895-96  an  der  Manora-Stem- 
warte,"  in  vol.  Ixiv.  of  the  '  Denkschrif  ten '  of  the  Imperial  Academy 
of  Sciences,  Vienna — 8  plates,  with  15  charts  and  15  drawings, 
all  show  that  on  16  days  between  1895  ^o^*  ^^  ^^^  ^^9^  ^^7  ^^ 
spots  were  seen  in  positions  not  very  far  from  those  given  above, 
one,  two,  or  three  at  a  time. 

During  the  present  apparition  T  found  similar  spots  in  the 
following  longitudes : — 


June  1897.]     Correspondence* — Observatories.  ii9 

1897,  February  24 X  =  342''  ;         359** 

March        8 X  »  324    ;         356 

21 X  =[342  ] 

April        2 X  =[334  ] ;         [8  ] 

30 ^=[328];        355 

May  3 X=L3i6];       [353] 

The  longitudes  in  brackets  signify  that  they  were  determined 
by  micrometrical  measurement.  Many  of  the  other  spots  were 
determined  by  the  time  of  their  transit,  others  by  the  mean  of 
their  position  in  various  drawings  on  the  same  day.  Nevertheless 
aUowance  must  be  made  for  wrong  appreciation,  so  that  the 
numbers  given  are  partially  only  approosimate  ones.  Notwith- 
standing, the  fact  cannot  be  denied  that  there  is  a  brilliant  double- 
spot  to  be  foimd  above  the  left  "  shoulder,"  whose  position  does 
not  sensibly  change  in  2|  years.  In  order  to  settle  the  question 
whether  this  spot  really  has  a  certain  connection  with  the  near 
"  great  red  spot,"  it  would  be  advisable  that  observers  of  Jupiter 
should  examine  their  drawings  of  the  last  few  years  and  pubUsh 
the  dates  and  longitudes  of  similar  spots. 

I  am,  Gentlemen, 
Manora  Observatory,  "5^0l*rs  faithfully, 

Lussinpiccolo,  J897,  May  16.  Lbo  BbbnKEB. 

Who  is  a  ^' Discoverer  ^^  ? 

Gentlemen,— -i 

In  your  review  of  the  first  volume  of  the  'Annals'  of  the 
Paris  Observatory  of  Physical  Astronomy  at  Meudon,  on  p.  2 1 2,  you 
repeat  what  has  by  this  time  become — in  legal  phrase — "  a  common 
form,"  from  having  been  regularly  copied  from  book  to  book  for 
the  last  20  or  30  years.  I  refer  to  the  words :  *'  M.  Janssen's  great 
discovery  with  Professor  Lockyer  at  the  eclipse  of  t868.'*  Now 
this  eclipse  happened  on  August  17-18  of  that  year,  and  anyone 
who  \n'll  refer  to  p.  88  of  volume  xxviii.  of  the  E.A.S.  *  Monthly 
Notices,'  published  in  the  preceding  Pebruary,  will  find  a  detailed 
and  explicit  description  of  the  principle  on  which  the  bright  lines 
in  the  spectrum  of  the  prominences  might  be  seen,  devised  by 
Dr.  Huggins  two  years  previously.  If,  then,  MM.  Janssen  and 
Lockyer  were  the  discoverers  of  this  mode  of  viewing  the  pro- 
minence spectrum,  then  undoubtedly  Dr.  Galle  discovered  Neptune 
on  September  23,  1846 ;  and  it  is  idle  to  mention  either  Adams 
or  Le  Verrier  as  deserving  any  credit  in  the  matter. 

Forest  Lodge,  Maresfield,  Uckfield,  Faithfully  yours, 

1897,  May  II.  William  Noble. 


OBSEKVATORIES. 

The  Ploweb  Obseevatoet,  Pennsylvania. — On  the  afternoon 
of  May  12th,  the  function  took  place  which  marked  the  practical 
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completion  of  the  aboTe-named  observatory,  which  is  an  offshoot 
of  the  University  of  Pennsylvania  at  Philadelphia.  Regular  obser- 
vations have  been  in  progress,  however,  since  September  1896. 
A  formal  address  was  delivered  by  Professor  Simon  Newcomb  on 
"The  Problems  of  Astronomy."  A  platform  erected  in  front  of  the 
equatorial  building  was  occupied  by  the  speakers,  and  in  front 
were  assembled  about  four  hundred  invited  guests.  Professor 
Newcomb  was  introduced  by  Provost  Harrison  of  the  University, 
who  gave  a  brief  account  of  the  bequest  oi  the  founder,  Beese 
Wall  Flower,  after  whom  the  observatory  is  named.  Short 
addresses  of  an  informal  character  followed  that  of  Professor  New- 
comb,  the  speakers  being  Dr.  W.  L.  Warner,  Mr.  J.  A.  Brashear, 
Miss  Mary  Proctor,  Dr.  &eorge  F.  Barker,  and  the  Director  of  the 
observatory.  Prof.  C.  L.  Doolittle. 

A  reception  at  the  residence  of  Prof.  Doolittle,  under  the 
management  of  a  committee  of  ladies,  closed  the  occasion,  which 
met  with  the  appreciation  of  all  present. 

The  instrumental  equipment  comprises  an  iS-inch  equatorial 
with  spectroscope,  a  ssenith  telescope,  and  a  meridian  circle,  each . 
of  4  inches  aperture,  with  a  number  of  smaller  instruments,  which 
will  be  employed  for  the  instruction  of  students.  All  of  the 
optical  parts  are  by  Brashear,  and  the  instrumental  parts  by 
Walrner  and  Swasey. 

A  series  of  observations  for  variation  of  latitude  has  been  in 
progress  with  the  zenith  telescope  since  Octobei?  ist,  more  than 
1000  observations  having  already  been  made. 

The  equatorial  has  also  been  in  use  during  the  winter^  mainly 
for  measurement  of  double  stars. 


PUBLICATIONS. 

The  Sbculib  Pbbttjebations  op  Mehoitbt  (Astronomical 
Journal,  vols,  xvi.,  xvii.). — In  1882  Dr.  Q.  W.  Hill  published  a 
modification  of  Gauss's  method  for  computing  the  secular  pertur- 
bations of  one  planet  by  another,  as  far  as  the  first  power  of  the 
mass  of  the  disturbing  planet.  The  main  feature  of  the  method  is 
that  integration  as  regards  the  disturbed  planet  is  performed  by 
mechanical  quadrature :  numerical  values  only  of  its  eccentric 
anomaly  are  involved,  and  this  permits  integration  with  regard 
to  the  disturbing  planet  to  be  performed  with  the  help  of  certain 
auxiliary  tables  published  by  Dr.  Hill  (Astronomical  Papers  for 
the  American  Nautical  Almanac  Office,  vol.  i.).  Dr.  Hill  applied 
his  own  method  to  the  perturbations  of  Mercury  produced  by 
Yenus.  Finally,  Dr.  Hill  suggested  a  modification  of  his  method 
which  rendered  fresh  tables  necessary.  These  were  published  by 
M.  Callandreau  in  1885  in  the  '  Annales  de  I'Observatoire  de  Paris/ 
t.  xviii. 

In  1891  Mr.  Innes  applied  Dr.  Hill's  modified  method  to  the 
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computation  of  the  action  of  Mars  upon  the  Earth,  and  added  at 
the  end  of  his  paper  a  new  equation  of  yerification  based  upon 
the  known  theorem  that  the  secular  perturbation  of  the  major 
axis  is  zero  (M.  N.  E.  A.  S.,  yoI.  Hi.  p.  8o).  Unfortunately  there 
are  some  errors  in  Mr.  Innes's  work,  and  more  correct  values  are 
given  by  Mr.  Asaph  Hall  in  the  *  Astronomical  Journal '  for  1891, 
using  Gauss's  method. 

During  the  last  twelve  months  Mr.  Eric  Doolittle  has  published 
in  the  'Astronomical  Journal,'  nos.  376,  381,  386,  392,  and  398, 
computations  of  the  action  on  Mercury  of  the  Earth,  Mars,  Jupiter, 
Saturn,  Uranus,  and  Neptune.    He  has  returned  to  Dr.  Hill's 
original  method,  and  has  made  use  of  Mr.  Innes's  equation  of 
verification.      In  the  later    papers  when  the  distance  of    the 
disturbing  planet  is  large  he  has  adopted  a  suggestion  of  Dr.  Hill's 
for  finding  one  root  of  a  certain  cubic  equation,  and  has  found 
the  other  two  roots  by  a  method  of  his  own.    He  has  also  intro- 
duced at  an  earlier  stage  some  fresh  formulsB  of  verification,  and 
he  has  in  some  cases,  by  dividing  the  circle  into  twice  as  many 
parts  as  would  have  been  sufficient,  pushed  his  cojuputations  for 
mechanical  quadratures  to  a  quite  unnecessary  length.    Identical 
Insults  would,  as  it  happened,  have  been  obtained  with  half  the 
amount  of  labour ;  but  possibly  had  the  shortened  computations 
alone  been  performed,  the  results,  though  equally  accurate,  would 
Hot  have  inspired  equal  confidence,  and  therefore  it  is  perhaps  as 
^eU  that  the  full  work  has  been  done.  P.  H.  C. 


MeSUB£B   MlOBO^&FBIQITES  D'^TOILES'    DOIIBLES    FAITBS    A    St. 
CTEBSBOXTBG   BT  1    DOMKINO    IN    1 895.      Prof.  S.  GlISBNAPP. 

~\Ve  are  always  glad  to  welcome  the  double  star  measures  of  Prof. 
8^.  Glasenapp,  who  spends  his  sununer  vacation  at  Domkino,  where 
lie  has  a  delightful  climate.  His  74nch  refractor  always  forms 
^jpaxt  of  his  luggage,  and  as  he  measured  265  stars  we  may  be  sure 
^be  succeeded  in  imbibing  as  much  as  possible  of  the  pure  night  air 
^^Df  Domkino,  and  was  well  braced  up  for  his  University  duties  at 
St.  Petersburg.  The  measures  are  of  neglected  wide  pairs  and  a 
iSair  proportion  of  close  doubles.  This  is  the  fourth  series  of 
:^neasures  made  by  Prof.  Glasenapp. 


NOTES. 

Comet  Notes. — Asl  Nach.  3422  contains  the  following 
^finitive  elements  of  Comet  1895  III.  (Brooks),  by  A.  Was- 
fliliftT  * 

T  =  189s  Oct.  2i*-o8988  Berlin  M.T. 

m 298^  46'    8" 

ft 83      5     1    h895-o 

t    ..       76    14  45 

q  0-843034 
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This  comet  was  discovered  on  1895,  ^o^«  21,  and  78  obserya- 
tions  were  obtained,  ranging  oyer  about  a  month.  The  comet  was 
faint  and  ill  defined,  and  a  diflBcult  object  to  observe  accurately 
However,  the  above  elements  satisfy  the  observations  well,  and  the 
orbit  does  not  appear  to  differ  sensibly  from  a  parabola.  The 
supposition  of  identity  with  the  comet  of  1652,  which  was  made 
at  the  time  in  consequence  of  the  resemblance  of  the  elements, 
would  therefore  appear  to  be  untenable.  A.  C.  D.  C. 

MiNOB  Planet  Notes. — The  following  planets  have  been 
named  (Ast.  ISTach.  3418) : — 

Number.        Discoverer.  Date  of  Discovery.  Name. 

348  Charlois.  1892  Nov.  28.  May. 

422  Witt.  1896  Oct,  8.  Berolina. 

The  latter  name  was  unofficially  announced  several  months  ago. 

A.  C.  D.  C. 


Obittiabt. — ^E.  J.  Stoxe.  It  is  with  deep  regret  that  we  have 
to  announce  the  death  of  the  Eadcliffe  Observer,  Mr.  E.  J.  Stone, 
which  took  place  very  suddenly  on  Sunday,  May  9.  An  account 
of  this  distinguished  astronomer  is  given  in  another  part  of  this 
number. 

H.  B.  Chambeelin. — We  regret  to  announce  that  Mr. 
H.  B.  Chamberlin,  late  of  Denver,  Colorado,  U.S.A.,  died  on 
;6th  May,  1897.  Mr.  Chamberlin  was  an  enthusiastic  cyclist^ 
and  on  Sunday,  May  16,  left  his  home  at  Surbiton  and  rode  to 
Jigham.  After  walking  up  a  hill  he  mounted  his  bicycle,  and 
after  riding  one  or  two  hundred  yards  he  fell  from  his  machine  and 
died  almost  instantaneously.  Medical  evidence  showed  that 
syncope  was  the  cause  of  d6ath  and  that  unknown  to  himself  his 
heart  had  been  for  a  long  while  in  a  weak  state. 

Mr.  Chamberlin  was  born  at  Manchester  in  1847,  and  at  the 
age  of  7  was  taken  by  his  parents  to  America.  During  the  Civil 
War  he  rendered  excellent  service  in  the  Military  Service  Corps,  for 
which  his  previous  training  with  what  is  now  the  Western  Union 
well  fitted  him.  Subsequently  he  entered  the  drug  business, 
combining  a  sound  knowledge  of  chemistry  with  much  commercial 
aptitude.  About  1876  he  became  interested  in  the  Young  Men's 
Christian  Association,  for  which  he  did  much,  both  in  America 
and  England.  In  1879  his  health  broke  down  and  he  went  to 
Colorado  with  but  little  hope  of  recovery ;  but  the  climate  worked 
wonders  for  him  and  he  settled  in  Denver,  where  he  soon  became 
one  of  the  leading  citizens  of  the  "  Queen  City  of  the  West." 

Amid  much  commercial  activity  he  found  time  for  science  and 
philanthropy  of  no  common  order.  He  was  a  keen  worker  with 
the  microscope,  and  mineralogy  especially  attracted  him.  As- 
tronomy had  long  fascinated  him,  and  if  his  knowledge  of  the 
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science  was  not  profound  he  at  least  provided  others  with  the 
means  of  studying  it  to  the  best  advantage.  It  was  his  munifi- 
cence that  presented  to  Denver  University  the  Chamberlin  Obser- 
vatory, erected  at  a  cost  of  some  ,£17,000,  and  equipped  with  .a 
twenty-inch  equatorial,  with  which  Dr.  Howe  has  done  much  good 
work. 

Since  1890  Mr.  Chamberlin  has  resided  chiefly  in  London,  and 
in  1892  he  was  elected  a  Fellow  of  the  Royal  Astronomical 
Society.  While  here  he  founded  the  American  Society  in  London, 
a  task  which  his  social  qualities  enabled  him  to  accomplish  with 
much  success. 

He  was  a  great  believer  in  a  sound  scientific  training,  and  he  paid 
the  college  expenses  of  many  young  men  with  whom  he  came  in 
contact.  His  mineralogical  exhibit  at  the  Centennial  Exhibition 
in  1876  received  the  highest  award,  and  the  University  of  Port 
Worth,  Texas,  conferred  upon  him  the  degree  of  Ph.U.  On  the 
Friday  before  the  Sunday  on  which  he  died  he  attended  the  meeting 
of  the  R.A.S.,  and  many  astronomers  will  be  glad  to  have  had  a 
last  chance  of  meeting  one  who  had  done  so  much  for  the  advance- 
ment of  the  science.  He  won  his  way  among  those  who  knew  him 
by  his  singularly  kind  and  sympathetic  character.  He  travelled 
much  and  had  been  to  many  observatories  at  home  and  abroad, 
upon  which  he  was  preparing  a  lecture  for  the  B.  A.  A. 

We  may  mourn  his  premature  death,  but  there  is  something 
peculiarly  fitting  in  the  manner  of  it.  After  the  strain  and  stress 
of  an  unusually  full  life  he  passed  painlessly  away  quite  early  on 
a  springtime  morning  in  the  quiet  of  an  English  country  lane. 

W.  S. 

Adam  Hilgbb*.  By  the  death  of  Adam  Hilger,  which  took 
place  on  April  23 1,  the  physical  sciences,  and  especial  ly  astronomical 
physics,  have  suffered  a  loss  which  cannot  be  immediately  made 
good.  Standing  in  the  front  rank  of  practical  opticians  he 
did  much  to  promote  scientific  progress  along  various  lines,  his 
thorough  scientific  training  enabling  him  to  undertake  optical 
work  of  the  highest  character. 

Born  in  Darmstadt  in  1839  he  early  showed  a  marked  inclination 
for  the  mechanical  work  in  which  his  father  was  then  engaged. 
Eor  some  years  he  was  a  mechanical  engineer  in  Darmstadt,  and 
he  afterwards  entered  ErteFs  famous  establishment  at  Munich. 
He  next  came  to  London,  but  though  commanding  a  good  salary 
found  no  opportunity  of  advancing  his  knowledge  and  soon  left 
for  Paris,  where  he  had  the  good  fortune  to  find  employment  with 
the  firm  of  Lerebours  and  Secretan.  During  this  engagement 
he  constructed  many  instruments  under  the  direct  supervision  of 
Eoucault  and  became  fully  acquainted  with  the  theory  as  well  as 
with  the  practice  of  his  art.     After  the  war  of  1870  he  came  to 

*  From  '  Nature/  '897,  May  13. 

t  We  believe  that  Mr.  Hilger  died  from  the  effects  of  a  bicycle  accident  at 
Brighton. 

VOL.  XI.  Y 
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London  with  his  family.  Here  he  was  engaged  with  Mr.  Browning, 
at  first  as  a  simple  workman,  but  afterwards  as  a  foreman.  Having 
completed  a  five  years'  contract  he  commenced  business  on  his  own 
account  at  Islington.  At  these  well-equipped  works  he  produced  • 
the  instruments  which  have  brought  him  a  high  reputation  among 
physicists  and  astronomers  throughout  the  world.  He  was 
especially  skilled  in  manipulating  quartz  and  Iceland  spar  for 
work  on  the  ultra-violet  rays,  and  had  lately  succeeded  in  making 
very  perfect  chromatic  combinations  of  these  materials.  The 
special  qualities  of  the  new  Jena  glasses  were  also  well  known  to 
him,  and  by  their  uses  he  produced  achromatic  lenses  of  very  short 
focal  length,  as  well  as  prisms  of  very  high  dispersion. 

We  understand  that  the  business  will  be,  in  all  probability, 
continued  by  Mr.  Otto  Hilger.  A.  F. 

William  Godwabd. — Announcement  is  made  of  the  death, 
which  took  place  on  May  19,  of  Mr.  William  Godward,  F.E.A.S., 
formerly  of  the  Nautical  Almanac  Office.  Mr.  Godward  joined 
the  staff  of  the  English  ephemeris  in  1847,  and  rose  to  the  position 
of  Chief  Assistant,  to  which  he  was  appointed  in  1869.  He  left 
the  service,  having  reached  the  age  for  retirement  prescribed  by 
official  rules,  in  1890.  Mr,  Godward  made  several  contributions 
to  the  literature  of  astronomy,  which  are,  as  might  be  expected, 
of  a  kind  useful  to  computers.  His  interpolation  tables,  published 
in  1857,  have  been  used  in  the  N.  A.  Office  with  much  advantage 
for  computing  the  hourly  ephemeris  of  the  Moon  for  many  years. 
In  1866  he  published  "  Auxiliary  Tables  for  computing  an  approxi- 
mate lEphemeris  of  a  Minor  Planet,"  and  later  he  computed  the 
"  Elemente  of  the  Orbit  of  the  Minor  Planet  Ceres  "  (Mon.  Not. 
E.  A.  S.  vol.  xxxviii.  p.  119),  which  are  used  in  the  'Nautical 
Almanac '  computations  to  this  day.  Mr.  Godward  was  68  years 
of  age  at  the  time  of  his  death. 

Wilson's  Theoby  of  Sun-spots. — Statistical  evidence  bearing  on 
the  vexed  question  whether  sun-spots  are  cavities  in  the  photo- 
sphere or  not  is  always  welcome.  Prof.  Eicco,  of  the  Catania 
Observatory,  has  published,  in  Ast.  Nach.  3423,  some  results  of 
this  nature  from  a  series  of  drawings,  17,456  in  number,  made  by 
him  either  at  Palermo  or  Catania  during  eleven  years. 

Out  of  3324  spots  thus  recorded,  Prof.  Eicco  selected  185,  of 
which  the  nucleus  was  perfectly  central  when  the  spot  was  At  the 
centre  of  the  disc,  and  these  he  has  divided  into  classes  according 
as  the  penumbra  was,  when  the  spot  was  near  the  limb,  seen  to  be 
larger  on  the  side  near  or  opposite  to  the  edge  of  the  disc. 
The  numbers  in  each  class  are  as  follows : — 

Spots  of  which  the  penumbra  was  larger  on  the  side  near  the  limb 131 

■  „  »  »  M  opposite   „     18 

,,  „  ,,     equally  large  on  both  sides 3<5 

The  first  of  these  three  cases  is  in  accordance  with  the  truth  of 
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Wilson's  hypothesis  that  the  siin-spots  are  cavities.  The  evidence, 
therefore,  in  favour  of  Wilson,  or  to  the  coutrary,  or  indifferently 
for  and  agaiust,  is  in  the  ratio  7*3  :  i  :  2,  which  is  not  greatly 
different  from  the  similar  ratios  found  by  De  la  Eue,  Stewart,  and 
Loewy  in  their  well-known  researches,  or  to  the  result  found  by 
Secchi.  Considering  now  the  especially  significant  regular  spots. 
Prof.  Eicco  finds  23  in  favour  of  Wilson  and  only  one  against. 
.  It  will  easily  be  realized  that  from  geometrical  consideration 
of  the  micrometer  measures  of  the  breadth  of  the  penumbra  on 
either  side  of  the  nucleus  that  the  depth  of  a  spot  can  be  deduced. 
From  the  23  especially  regular  spot.s  above  mentioned,  Prof.  Ricco 
found  the  average  depth  of  a  spot  to  be  1037  kilometres. 

On  applying  Corrections  to  Transit  Observations. — ^The 
I^ote  in  our  April  number  on  Mr.  Seabroke's  device  for  computing 
the  usual  transit  corrections  has  brought  us  a  letter  from 
M.  r.  Oom,  of  Lisbon,  who  calls  our  attention  to  a  graphical 
method  arranged  by  Prof.  Rodrigues,  the  Director  of  the  Lisbon 
Observatory,  for  computing  level  and  azimuth  corrections,  used  in 
that  observatory,  which  was  described  in  the  Lisbon  volume 
relating  to  the  meridian  observations  of  Mars  in  .1892. 

This  method  in  the  end  is  a  means  of  arriving  by  a  scale  at 
the  value  of  the  formula  n  tan  Z  +  'w,  to  which,  as  is  well  known, 
the  corrections  for  level  and  azimuth  are  together  equivalent. 
The  geometry  given  in  the  Lisbon  publication  may  be  shortened 
as  follows  :-7-D raw  a  circle  to  represent  the  meridian,  with  CE 
the  projection  of  the  equator,  CZ  the  line  through  the  zenith ^ 
CH  the  south  horizontal  line,  all  in  the  plane  of  the  meridian ; 
then  draw  BEA  a  tangent  to  the  circle  at  E,  cutting  CZ  produced 
in  B,  and  CH  produced  in  A.  Then  if  CS  be  drawn  to  represent 
the  direction  of  any  star,  cutting  AB  in  M,  the  ratios  of  the  per- 
pendiculars MF  and  MG  on  CZ  and  CH  respectively  to  the  radius 
of  the  circle  are  the  azimuth  and  level  factors  respectively,  or,  what 
is  the  same  thing,  the  azimuth  factor  varies  as  MB,  and  the  level 
as  MA  for  different  positions  of  S. 

It  is  not  difficult  to  see  how  by  taking  a  length  corresponding 
to  AB  as  a  base  line,  dividing  it  proportionally  to  tangents  of 
declination  from  the  point  representing  the  equator,  and  drawing 
perpendiculars  to  represent  the  level  and  azimuth  errors  at  the 
points  corresponding  to  the  declinations  where  the  factors  are 
respectively  unity,  these  perpendiculars  will  form  sides  of  right- 
angled  triangles  with  opposite  angles  respectively  at  A  and  B,  the 
height  of  the ,  hypothenuses  of  which  give  the  level  and  azimuth 
corrections  for  any  declination,  and  by  a  slight  extension  of  the 
diagram  the  sum  of  the  two  can  be  read  off  from  one  scale. 


Measures  of  the  Companion  to  Sirius. — Herr  Leo  Brenner 
has  sent  us  the  following: — **  My  laist  measures  of  the  companion 
to  Sirius  were  made  under  favourable  atmospheric  circumstances. 
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BO  that  I  have  every  reason  to  believe  theni  to  be  very  reliable. 
The  different  measures  are  as  follows: — distance =3 "'7 46,  s^'SQO, 
3'''8o9,  3"'902,  3'^*8o9,  3'''689,  the  mean  of  which  is  3*7575  ; 
posifion.angle=i89°8',  190°,  189'' 35',  188°  30',  188°  16',  189°  19', 
mean  189°  8'.  The  time  of  these  observations  was  March  22, 
7**-8^^  Mid- European.  The  power  used  was  310.  The  mean  of 
6  measures  made  on  March  17  gave  distance =3 '''606,  position- 
angle  =188*^  58',  but  the  result  on  March  22  is  more  reliable. 
The  companion  was  about  9th  magnitude,  and  an  easy  object  in 
our  7 -inch  refractor." 


A  Method  op  Observing  the  Satellites  op  Mabs. — Prof. 
Sehaeberle  has  published  some  observations  of  Phobos  and  Deimos, 
made  during  the  opposition  of  1896  by  means  of  an  ingenious 
device,  which  it  may  be  of  advantage  to  some  observers  to  know. 
The  essential  point  of  this  is  that  the  measures  of  the  satellites 
are  made  at  once  with  respect  to  the  centre  of  the  planet.  In  the 
eyepiece-cell  a  glass  plate  is  fixed,  so  that  its  inner  surface  is 
nearly  in  contact  with  the  wires  of  the  micrometer.  On  this 
surface  a  black  circular  disc  is  made  of  a  diameter  slightly  smaller 
than  that  of  the  computed  disc  of  Mars,  and  the  centre  of  this 
disc  is  accurately  marked  by  a  small  transparent  circle,  across  the 
centre  of  which  a  fine  spider-line  is  stretched,  which  is  put  in 
position  normal  to  the  moving  wires  of  the  micrometer.  The 
image  of  the  planet  can  be  put  exactly  concentric  with  this  very 
readily,  as  any  slight  eccentricity  is  glaringly  shown  by  the 
appearance  of  some  part  of  the  limb  of  the  planet  at  the  edge  of 
the  mask.  The  thin  spider- line  is  used  for  measuring  the  position- 
angle  of  the  satellite,  and  the  zero  of  distance  measures  is  given  by 
the  micrometer  reading  when  the  movable  wire  passed  through 
the  centre  of  the  minute  central  circle. 


DiSTBiBUTJON  op  Starb  IN  CLUSTERS. — The  following  note  was 
communicated  to  Ast.  Nach.  No.  3422  by  Prof.  E.  C.  Pickering : — 
"  Prof.  Bailey  has  recently  made  a  count  of  the  stars  in  the  vicinity 
of  several  clusters.  An  enlargement  was  made  of  a  photograph 
of  the  Pleiades  taken  with  the  Bruce  telescope  and  having  an 
exposure  of  six  hours.  A  region  2°  square,  with  jj  Tauri  (Alcyone) 
in  the  centre,  was  divided  into  144  smaller  squares  each  10'  on  a 
side.  The  stars  in  each  of  these  squares  were  then  counted.  The 
total  number  thus  found  was  3972,  an  average  of  28  in  each 
square.  The  42  squares,  including  the  brighter  stars  in  the  group, 
contain  1012  stars,  an  average  of  24  per  square.  It  therefore 
appears  that  the  total  number  of  stars  in  the  region  of  the 
Pleiades  is  actually  less  than  that  in  adjacent  portions  of  the  sky 
of  equal  area,  and  is  much  less  than  the  corresponding  number 
in  many  parts  of  the  Milky  Way.  The  Pleiades  must  therefore  be 
regarded  first  as  a  group  consisting  of  comparatively  bright  stars  ; 
secondly  if  we  omit  the  bright  stars,  the  number  of  faint  stars  will 
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be  much  less  than  in  the  adjacent  portions  of  the  sky.  This  absorp- 
tion of  the  faint  stars  is  probably  due  to  the  nebulosity  surround- 
ing this  group.  A  similar  absence  of  faint  stars  is  noticeable  near 
other  diffused  nebulae,  for  example  that  surrounding  N.  G.  C. 
6726-7.  This  condition  would  be  explained  if  we  assume  that 
stars  have  not  yet  been  formed  by  the  condensation  of  this  part  of 
the  nebula  or  that  the  latter  is  less  distant  and  slightly  opaque. 

"A  similar  count  was  made  of  ten  regions  6'  square,  in  the  vicinity 
of  jy  Carinse.  The  plate  used  was  taken  with  the  24-inch  Bruce 
telescope,  and  had  an  exposure  of  four  hours.  From  this  count  it 
appears  that  in  a  region  5°  square  the  total  number  of  stars  was 
about  250,000,  while  the  number  contained  on  the  entire  plate 
exceeded  400,000." 


At  the  Conversazione  of  the  Eoyal  Society,  which  took  place 
on  Wednesday,  May  19,  the  astronomical  exhibits  were  mainly 
photographic.  The  Astronomer  Eoyal  showed  a  series  of  photo- 
graphs of  the  Moon,  taken  with  the  new  26-inch  Thompson 
Photographic  Telescope  at  Greenwich,  and  the  Paris  photographic 
Atlas  of  the  Moon  was  also  shown.  Prof.  Lockyer  exhibited 
photographs  illustrating  the  enhanced  lines  in  spectra  of  the 
Hotter  Stars,  about  which  we  had  a  note  in  our  April  number, 
and  also  a  photograph  showing  the  presence  of  a  fluting  of  carbon 
in  the  ultra-violet  spectrum  of  the  Sun.  Prof.  Lockyer  also 
showed  photographs  relating  to  the  Eclipse  of  last  August — one, 
the  spectroscopic  results  obtained  at  Novaya  Zemlya ;  the  other  a 
series  of  pictures  illustrating  the  preparations  and  arrangements 
made  at  Kio  Island,  Varanger  Fjord. 

Two  of  the  Editors  of  this  Magazine  wish  to  temporarily  dis- 
sociate themselves  from  their  colleague  in  order  to  congratulate  the 
writer  of  the  "  Oxford  Note-Book  "  on  his  selection  for  election 
to  Fellowship  of  the  Eoyal  Society.  The  three  Editors  unite  in 
offering  congratulations  to  Dr.  Charles  Chree,  Director  of  the 
Kew  Observatory,  on  similar  honour. 

Pbof.  Hebmann  S.  Dayis  has  sent  us  a  paper  in  which  he 
deduces  H-o"'36o  +o"*oi46  as  the  relative  parallax  of  61'  Cygni 
from  the  Eutherford  photographic  plates.  The  material  was 
obtained  from  19  negatives,  both  measures  of  distance  and  angle 
being  made  use  of. 

An  announcement  by  the  Eadcliffe  Trustees  will  be  found  on 
page  3  of  the  cover  of  this  number. 

The  American  Nautical  Almanac  Office  is  now  under  the 
superintendence  of  Prof.  W.  W.  Hendrickson,  who  has  been  an 
ofticer  of  the  American  Navy  since  1862.  Since  1873  he  has  filled 
the  post  of  head  of  the  department  of  mathematics  of  the  Naval 
Academy  at  Annapolis. 
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From  an  Oxford  Note- Book. 

Anything  from  Prof.  Lewis  Boss  on  fundamental  astronomy  is 
worth  our  best  attention.  In  A.  J.  No.  401  he  continues  his 
remarks  on  Division  Correjetions  of  Circles.  He  concludes  that 
the  chief  duty  of  an  astronomer  is  to  determine  the  systematic 
errors  of  the  circle ;  he  may  do  more  harm  than  good  by  trying  to 
determine  individual  errors  of  particular  divisions.  This  is  more 
or  less  cheerful  reading,  for  though  the  necessary  labour  before  a 
new  circle  can  be  used  to  full  advantage  is  still  great,  it  is  a  distinct 
relief  to  feel  that  there  is  a  reasonable  and  proper  limit  to  it,  as 
one  may  assuredly  do  after  the  thorough  examination  of  the  point 
by  Prof.  Boss.  I  hope,  however,  that  I  shall  not  mislead  anyone 
by  this  summary  statement.  All  those  concerned  will  doubtless 
read  carefully  the  papers  themselves. 


But  is  it  not  time  that  the  question  is  asked  whether  some 
better  arrangement  than  a  circle  cannot  be  found?  Nothing 
absolute  is  gained  by  the  circle.  The  divisions  are  merely  marks 
near  the  truth,  and. the  errors  have  all  to  be  determined.  Cannot 
we  reduce  the  labour  by  in  some  way  using  a  portion  of  the  circle 
over  and  over  again  ?  As  an  illustration,  suppose  a  circular  arc  of 
30°,  viewed  by  reflection  from  the  facets  of  a  dodecagonal  prism, 
firmly  attached  to  the  axis  of  the  instrument.  As  the  instrument 
was  gradually  turned,  different  portions  of  the  arc  from  0°  to  30° 
would  be  seen,  and  then  the  next  face  would  come  into  action  and 
the  portion  0°  would  again  bo  seen,  and  so  on,  for  all  twelve 
faces.  Then  we  should  h^ve  to  determine  (A)  the  angles  between 
the  twelve  faces,  which  comes  to  much  the  same  as  the  funda- 
ment^al  division  of  a  circle ;  (B)  the  errors  of  the  single  arc,  which 
comes  to  much  the  same  as  the  svstematic  errors  of  subdivision, 
but  with  this  advantage,  that  whereas  in  the  circle  the  errors  of 
subdivision  are  only  similar,  in  our  case  they  are  actually  identical 
and  do  not  even  need  separate  treatment.  Another  method  would 
be  to  have,  not  a  fixed,  but  a  slowly  revolving  circle,  and  take 
transits  of  a  good  many  divisions.  This  would  ultimately  eliminate 
all  systematic  errors,  for  the  index  would  be  arbitrary,  though  it 
would,  of  course,  increase  the  probable  error. 


It  may  not  have  occurred  to  some  observers  that  a  great  deal  of 
information  as  to  the  systematic  errors  of  a  circle  can  be  obtained 
from  ordinary  readings  of  microscopes  in  the  course  of  ordinary 
observations,  provided  these  are  well  enough  distributed.  For 
simplicity  take  the  most  fundamental  systematic  error — that  of 
eccentricity  of  the  circle  and  its  axis.  If  the  law  of  error  be 
a  cos  5(6 +  fi),  then  the  differences  of  the  readings  of  two  micro- 
scopes 90°  apart  will  follow  the  law  V  2  « cos  ^  (6  +  e,),  where 
Cj^=Cj4:45^  ^"^  ^'^  ^^^  determine  a  and  c^  with  as  much  accuracy 
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from  these  differences  as  from  any  absolute  observations.  It  looks 
at  first  sight,  indeed,  as  though  we  got  an  actually  bigger  coefficient 
\/  2a  instead  of  a ;  but  of  course  the  probable  error  of  a  difference 
of  two  microscopes  is  greater  than  that  of  a  single  reading. 

General  Tennant  writes  ;— 

I  see  you  have  been  talking  about  sagging  of  wires:  this  is  not  always  an 
imaffinapy  ©vil,  even  when  the  astronomer  does  his  best.  I  have  known  wires 
sag  m  wet  weather  badly  when  they,  had  been  put  in  dry,  and  the  only  cure  i 
found  was  washing  them  ^nd  stretohing  them :  one  can  sometimes  make  a  wire 
double  the-natural  length  by  this  process,  but  they  need  care  in  fastening  as  the 
strain  is  considerable  as  they  dry.  I  do  not  think  that  instrument-makers  ever 
take  this  trouble,  at  all  events  I  never  saw  it  described  in  any  instructions  :  all 
the  apparatus  one  wants  is  a  camel's  hair  brush  full  of  water  and  a  pair  of 
large  spring  dividers  on  which  to  fix  the  thread  temporarily.  Of  course  one 
needs  a  steady  hand,  but  if  you  are  content  with  moderate  elongation  (say 
50  per  cent.)  there  is  little  risk  of  failure. 


Alongside  this  inte.'esting  statement  I  should  like  to  place  two 
extracts  from   the   Astronomer  Royal's  Reports    for    1866   and 
1867:  — 

In  connexion  with  this,  however,  I  have  to  mention  an  investigation  lately 
made  by  Mr.  Stone  (First  Assistant).  Mr.  Stone  made  observations  of  the 
meridional  zenith-distance  of  the  same  object  at  difi^erent  points  of  the  same 
horizontal  wire.  On  comparing  these,  it  appears  certain  that  the  middle  part 
of  the  wire  drops,  in  reference  to  the  parts  near  the  first  and  last  vertical  wires, 
by  nearly  one-fifth  of  a  second.  This,  it  is  evident,  enters  into  the  determination 
of  instrumental  flexure.  It  does  not  affect  the  validity  of  the  numerical  astro- 
nomical correction,  except  to  this  extent,  that,  according  to  the  state  of  tension, 
there  may  be  a  small  variation  between  the  corrections  on  different  days.  It 
may  be  well  to  take  measures  for  stretching  the  horizontal  wire  with  the 
greatest  force  that  it  will  bear.     (1866,  June  2.) 

The  plan  of  stretching  the  horizontal  wire  in  the  field  of  view  has  proved 
unsuccessful ;  the  wire  soon  broke,  apparently  from  dampness  of  atmosphere. 
(1867,  June  I.) 

Some  time  ago  a  protest  vi  as  made  in  these  Notes  against  the 
use  of  unnecessary  figures — too  many  decimal  places ;  and  the 
subject  was  by  no  means  exhausted,  though  perhaps  quite  as  much 
was  said  as  could  have  appropriate  place  among  such  miscellaneous 
jottings  as  these.  1  should  like  now  to  call  attention  to  the  other 
side,  and  protest  against  the  importance  attached  to  an  existing 
device  for  saving  labour  which  goes  by  the  name  of  "adapting 
formulae  to  logarithmic  computation."  Perhaps  it  will  shock 
people  to  have  the  efficiency  of  this  antiquated  old  machine  called 
in  question  :  it  has  been  in  the  text-books  for  so  long,  and  we  have 
all  learnt  it  as  gospel.  But  how  much  does  it  save  ?  Not  more 
than  a  fraction  of  the  labour  cheerfully  wasted  in  using  a  decimal 
place  too  many,  against  which  the  former  protest  was  made. 

Let  us  take  an  example  from  the  follo\^ang  familiar  formula  : 
cos  a  =  cos  h  cos  c  -f  sin  h  sin  c  cos  A. 
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To  ^*  adapt  it  to  1ofi;arithniic  compuf  atioa  **  we  put 

tan  jr  =  tan  h  coa  A, 
and  thf^ 

cos  a  =  cos  h  cos  (c  —  x)  sec  jt  ; 

and  thi.<i  pair  of  eqoations  wotdd  be  considered  much  more  labour- 
iiavin((  to  work  with  than  the  original  one.  Sow  if  anyone  will 
kindly  go  throng  the  operations  for  finding  a  in  the  two  cases, 
Xhi'.y  will  find  them  to  be  as  follows  : — 

Am  the  Equation  standi.  \  Am  "  adapted.^ 

%  r^ertincu  1o  tahUn,  ?  iz. :  |  7  refereitces  to  tabU*^  Tiz. : 

log  ■in  hf  log  004  h,  log  tan  b  and  log  cos  b. 

log  fiin  Cf  log  <XM  c.  log  008  A. 

log  oot  A.  \          X  and  log  sec  x  from  log  taa  x, 

Noi.  for  log  (c(*i!  ^  cog  c)  and                   log  (c— *). 

log  (lin  b  n\x\  r  cos  A).  a  from  log  co3  a. 

a  from  natural  co*ine.  Of  these  %  pairs  are  Uken  out  at 

Of  theio  2  patrj  are  taken  out  at  same  opening. 

name  opening.  "  3  ^,7,-^,  viz. : 

3  addUiofiH,  viz. :  log  tan  6-f  log  cos  A, 


log  cot  b  -^log  cos  Cf 

log  nin  b-^\og  sill  c-|-log  coi  A,and 

cos  b  cos  r-\-B\ub  sin  c  cos  A. 


log  cos  b  f-  log  cos  (c  —  jt) 

+  log  sec  X,    and 
c  —  X. 


Thus  it  will  be  seen  that  out  of  11  operations  we  only  save  one 
reference  to  tables ;  and  in  my  opinion  this  is  almost  counterbalanced 
by  the  fact  that  one  of  the  additions  in  the  second  case  is  the 
formation  of  (c—ar)  involving  the  subtrai^tion  of  two  angles,  which 
takes  more  time  than  that  of  two  logarithms ;  and,  moreover,  we 
introduce  the  labour  of  determining  which  quadrant  the  new 
angle  a*  is  in — not  a  very  serious  labour  perhaps,  but  one  in  which 
we  may  easily  make  a  mistake.  I  should  much  like  to  set  a 
practiciul  computer  to  determine  a  for  100  stars  by  the  two 
mothodN  and  see  what  gain  there  was.  Perhaps  I  will  do  so. 
Othor  oases  I  believe  to  be  generally  similar,  though  I  may  have 
overlooked  some  exceptions.  If  so  I  should  very  much  like  to 
hoar  of  thoin. 


On  Juno  i  a  silver  cup  filled  with  mint-julep  is  passed  round 
the  Hull  of  New  Colleges  Oxford,  and  sipped  by  all  those  present. 
Tho  custom  is  a  comparatively  modern  one  and  originated  as 
follows;  —  Alxnit  ao  or  30  years  ago  an  American  visited  the 
Collegia  and  was  good  enough  to  express  his  satisfaction  with  the 
)\(^>spitality  ho  had  rooeiveil,  though  he  was  shocked  at  the  ignorance 
of  mint-jidop  which  ho  found  there.  On  leaving  he  presented  the 
Cup  to  the  College^  with  a  request  that  it  might  be  filled  with 
mint-julep  o\ory  first  day  of  June  and  handed  round  as  a  loving- 
oup ;  and  that  a  plaiv  might  be  reserved  for  him  on  that  day,  on 
tho  ohnnc^^  that  ho  might  bo  able  to  return.  The  empty  chair  has 
K»f»u  ivligiously  set  for  him  eat^li  year,  but  he  has  never  returned. 
I  Amorionn  ivi|>^^rs  ph\nso  ci>py  ?] 


EDWARD    JAMES     STONE.  F.R.S. 
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MEETING  OF  THE  EOTAL  ASTRONOMICAL  SOCIETY. 

Friday,  June  ii,  1897. 

Dr.  A.  A.  Common,  E.R.S.,  Vice-President,  in  the  Chair. 

Secretaries :  Prof.  H.  H.  Tuenee,  M.A.,  B.Sc,  E.E.S.,  and 

H.  F.  Newall,  M.A. 

TTie  Chairman,  I  am  sure  you  will  feel  with  me  that  it  is  a 
matter  for  regret  that  Sir  Eobert  Ball,  our  President,  is  not  able 
to  take  the  Chair  to-night  owing  to  the  fact  that  he  has  had  to 
undergo  an  operation  on  one  of  his  eyes ;  but  I  am  happy  to  say, 
from  the  latest  information  received,  that  the  operation  has  been 
successful,  and  it  is  likely  that  at  our  next  Meeting  we  shall  have 
Sir  Eobert  Ball  again  with  us. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

Mr.  Newall.     Each  time  I  take  up  the  list  of  presents  there 
seems  to  be  an  unusual  number  received  since  the  previous  Meeting. 
Eighty-one  have   been   received    since  we  were  here   in    May. 
Amongst  others,  I  may  call  attention  to  a  new  edition  of  Prof. 
Young's  book,  '  The  Sun,'  a  volume  of  the  International  Science 
Series,  revised  and  improved.     We  have  also  received  a  copy  of 
the  tables  for  computing  star-constants  by  the  late  Mr.  Stone, 
altered  and  re-arranged  by  Prof.  Turner.     There  is  also  a  small 
pamphlet  by  Prof.  E.  C.  Pickering,  of  the  Harvard  College  Ob- 
servatory, entitled  '  Navigation  in  Fog,'  and  another  contribution 
from   Harvard  in  the   shape  of  a  volume  of  the  Observatory 
*  Annals,'  part  i.  of  volume  xxviii.,  which  relates  to  the  spectra  of 
"bright  stars.     "We  have  some  micrometrical  observations  of  double 
stars  by  Prof.  Glasenapp,  of  St.  Petersburg,  and  a  work  on  stellar 
photometry  by  Dr.  Miiller,  of  Potsdam,  and,  lastly,  a  copy  of  the 
Catalogue  of  Stars  made  at  the  Cambridge  Observatory  for  the 
zone  -1-25°  to  -1-30°  N.  Declination  of  the  Astronomische  Gesell- 
schaft  Catalogue. 
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The  Chairman,  There  is  a  matter  which  ought  to  be  mentioned 
to  the  Fellows  of  the  Society ;  and  that  is,  that  in  this  historic 
month,  when  everyone  is  commemorating  the  6oth  year  of  the 
Queen's  reign,  it  is  proposed  that  this  Society  should  offer  a  dutiful 
and  loyal  address  to  Her  Majesty.  The  Council,  after  due  con- 
sideration, have  prepared  the  following  Address,  which  it  is  right 
that  I  should  read  to  the  Meeting : — 

May  it  Please  Your  Majesty,— We,  the  President,  Council,  and  Fellows  of 
the  Koyal  j^etronomical  Society,  humbly  beg  to  approach  Your  Majesty  with 
the  tender  of  our  sincere  and  respectful  congratulations  on  the  happy  com- 
pletion of  the  6oth  Tear  of  Your  Majesty's  most  auspicious  reign. 

Sixty  years  ago  Your  Majesty  was  graciously  pleased  to  become  the  Patron 
of  our  Society.  In  approaching  Your  Majesty  on  that  occasion  our  Society 
ventured  to  express  the  hope  that  Your  Majesty's  reign 

'•  would  be  distinguished  for  the  advancement  of  Astronomy,  as  well  as 
of  every  other  branch  of  Science,  and  for  the  enjoyment  under  Divine 
Providence  of  every  Earthly  blessing." 

When  we  see  how  abundantly  these  loyal  wishes  have  already  been  fulfilled, 
we  desire  to  express  our  deep  appreciation  of  the  interest  and  sympathy  that 
Your  Majesty  has  always  manifested  in  the  intellectual  well-being  of  Your 
Subjects;  and  on  behalf  of  all  those  within  the  wide  limits  of  Your  Majesty's 
Empire  who  are  interested  in  the  development  of  Astronomy,  we  gratefully 
acknowledge  the  benefits  we  have  enjoyed  during  the  long  continuance  of  Your 
Majesty's  reign  ;  and  pray  that  for  many  years  Your  Majesty  may  be  spared 
to  rule  over  us. 

Prof.  Naegamvala  read  his  paper  on  ^  I.  43  Virginia,  in  the 
course  of  which  he  referred  to  descriptions  of  the  nehula  as  given 
by  different  authorities,  and  said  he  hoped  to  send  to  the  Society 
a  photograph  of  the  nebulii  at  an  early  date.  The  nebula  \«as 
photographically  found  to  be  elliptical,  which  was  not  indicated  in 
any  of  the  drawings  previously  made.  At  the  request  of  the 
Chairman  he  then  exhibited  lantern-slides  of  photographs  taken  at 
Poona : — The  nebula  of  Orion  with  65  minutes  exposure,  taken 
with  16-inch  reflector;  the  constellation  of  Orion,  taken  with  an 
old  portrait-lens  by  Boss,  with  an  exposure  of  70  minutes ;  the 
cluster  Messier  46,  taken  with  105  minutes  exposure,  showing 
the  ring  nebula  ;  globular  cluster  Messier  22  in  Sagittarius,  with 
exposure  of  15  minutes,  showing  nebulous  background ;  Messier  8, 
taken  with  the  same  portait-lens,  with  3  hours  exposure,  and  the 
same  object  taken  with  i  hour  exposure ;  also  M.  67  in  Cancer, 
taken  with  16-inch  reflector;  and  the  Milky  Way  in  Ophiuchi 
with  a  Dallmeyer  i|  portrait-lens,  with  an  exposure  of  2  hours. 

Dr,  Spitta,  Have  you  tried  the  effect  of  formalin  on  your 
plates  ? 

Prof  Naegamvala,     No. 

Dr.  Spitta,  I  have  made  some  experiments  on  the  action  of 
formalin,  and  I  find  that  it  prevents  the  film  going  to  pieces,  and 
that  it  makes  the  plaie  hard  and  horny.  A  plate  can  be  fixtd 
with  it  in  an  hour,  but  it  should  be  dried  before  a  fire  and  not 
with  a  spirit-lamp.     Formalin  is  a  commercial  article. 
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The  Chairman,  If  you  wish  to  die  or  to  kill  your  assistant,  1 
should  say  use  formalin. 

Dr.  Spitta,  I  have  used  it  for  some  time  and  am  still  alive. 
The  Chairman,  That  only  shows  that  you  are  differently  con- 
stituted to  the  rest  of  the  world.  I  used  formalin,  and  my  man 
had  to  go  home  soon  after  the  bottle  was  opened.  He  did  not  know 
'what  was  the  matter  with  him,  nor  did  I ;  but  I  found  this  formalin 
had  a  powerful  toxic  effect,  and  I  would  advise  everyone  to  be  very 
cautious  in  its  use. 

Br,  Spitta,  I  have  used  it  continuously  for  more  than  a  year, 
and  my  son  also.     Perhaps  you  used  a  large  quantity  ? 

The  Chairman,  No.  With  reference  to  Prof.  Naegamvala's 
photographs,  I  should  like  to  say  that  the  particular  position  that 
he  occupies  on  this  Earth  when  he  is  observing  is  a  great  advantage 
to  him  as  compared  with  the  position  we  occupy.  Messier  8  has 
always  seemed  a  most  delightful  body  to  me.  I  think  that  in  a 
clear  sky  it  would  be  a  most  beautiful  nebula  and  cluster  com- 
bined. 1  quite  envy  Prof.  Naegamvala  the  opportunity  he  has  of 
photographing  the  objects  he  has  shown  on  the  screen. 

Mr,  Neivall  (reading  a  paper  on   *'Some  Determinations   of 
Velocity  in  the  Line    of   Sight   made   at   the   Cambridge   Ob- 
servatory ").       This    note    gives    results    recently   obtained    in 
determining  velocity  in  the  line  of  sight  of  some  of  the  bright 
stars  with  the  Bruce  spectroscope  at  Cambridge.     It  is  a  long 
time  since  this  apparatus  has  been  received,  and  I  am  afraid  that 
I  was  a  little  premature  when  I  stated  in  this  room  nearly  i8 
months  ago  that  it  was  in  working  order,  but  there  have  been 
difficulties  in  making  the  preparatory  arrangements  for  this  work. 
I^he  instrument  was  received  two  years  ago,  and  it  took  about  six 
tUonths  before  I  was  satisfied  that  I  could  begin  work.     I  devoted 
^Imost  the  whole  of  last  year  to  making  determinations  of  velocity 
^'xi  the  line  of  sight,  with  discordant  results ;  and  the  autumn  of 
l^st  year  was  devoted  to  ascertaining  the  troublesome  cause  of 
discrepancy  between  my  results  and  those  obtained  at  Potsdam.     I 
Viltimately  traced  the  cause  of  this  difference  to  its  source,  and  I 
liave    now   some  confidence  in  saying  that  the  apparatus  is  in 
"^^orking  order.     (Mr.  Newall  then  gave  an  explanation  of  some 
details  of  his  work,  illustrated  by  photographs  of  spectra  of  stars 
^ud  the  iron  lines  in  the  solar  spectrum  side  by  side;  the  star 
'V'elocities  had  been  determined  by  micrometric  measures  of  the 
^^lative  position  of  the  iron  lines  in  the  two  spectra.) 

Prof,  Turner,  I  had  very  great  pleasure  in  seeing  the  MS.  of 
3\lr.  Newall's  paper  to-day,  and  I  feel  sure  that,  although  he  has 
Jiresented  it  as  a  more  or  less  ordinary  paper,  he  must  be  very 

i"  oyous  that  after  many  years  of  hard  work — underground  work  he 
las  called  it — he  has  at  last  got  his  apparatus  into  order,  and  that 
it  is  turning  out  results  of  the  very  first  importance.  They  are 
X:iot  many  in  number  at  present,  but  by  November,  or  perhaps 
\ater,  I  expect  we  shall  have  a  larger  crop  ;  but  I  am  sure  we  must 
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congratulate  him  sincerely  on  having  got  this  magnificent  tele- 
scope and  spectroscope  into  such  good  order,  and  that  he  is 
bringing  out  such  excellent  work.  As  to  the  agreement  of  his 
results  with  those  of  Prof.  Vogel,  when  we  remember  that  Prof. 
Vogel  used  the  hydrogen  lines  and  Mr.  Newall  the  iron  lines,  I  think 
this  independence  of  method  is  valuable.  The  results  common  to 
the  Cambridge  and  Potsdam  series  are  not  many,  but  so  far  as  they 
go  they  seem  to  me  to  be  very  striking,  considering  that 
Mr.  Newall  has  used  many  independent  lines,  all  belonging  to 
the  iron  spectrum,  and  the  other  results  were  obtained  from  an 
entirely  different  spectrum,  that  of  hydrogen. 

Mr,  SeahroJce.  I  must  congratulate  Mr.  New  all  upon  his 
remarkable  results.  Some  years  ago  I  dabbled  in  this  branch  to 
some  extent.  There  was  shown  on  the  screen  a  photograph  of 
the  spectrum  of  a  Cygni,  and  by  the  side  of  it  the  spectrum  of  the 
Sun,  and  I  would  like  to  ask  Mr.  Newall  how  he  got  these  in 
juxtaposition.  I  would  have  given  anything  at  one  time  to  see  a 
solar  spectrum  by  the  side  of  a  stellar.  Were  they  taken  one  in 
the  morning  and  one  in  the  evening  ? 

Mr.  Newall.  Yes,  that  is  so.  As  the  scale  is  necessarily 
different  owing  to  difference  of  temperature,  this  is  a  troublesome 
thing  to  arrange.  The  original  spectra  are  taken  at  different 
times  and  on  different  plates,  and  by  means  of  an  enlarging 
apparatus  of  special  construction  the  spectra  are  thrown  side  by 
side  on  a  single  plate. 

Mr.  SeahroJce.  In  the  photograph  which  showed  an  iron 
spectrum  taken  before  the  star  spectrum,  and  another  taken  after, 
the  iron  lines  in  the  spectrum  taken  earlier  seemed  to  be  in 
almost  exact  coincidence  with  the  iron  lines  in  the  stellar 
spectrum,  but  the  iron  lines  in  the  spectrum  taken  later  did  not 
appear  to  similarly  coincide. 

Mr,  Newall.  It  is  due  to  change  in  temperature,  or  in  the 
position  of  the  instrument  during  the  taking  of  the  photograph. 

Mr.  Gregory.  I  should  like  to  ask  if  Dr.  Vogel  always  used 
hydrogen  lines.  I  am  under  the  impression  that  he  sometimes 
used  the  iron  lines. 

Mr.  Newall.  So  far  as  I  know  he  has  only  published  results 
deduced  from  the  iron  lines  in  one  or  two  instances,  notably  in 
the  case  of  Sirius  ;  but  I  do  not  think  that  he  has  published  such 
results  for  any  solar  stars. 

The  Chairman.  This  is  rather  a  technical  though  a  very 
interesting  subject,  and  it  is  only  those  who  have  done  work  of 
this  kind  who  can  ask  questions  of  Mr.  Newall  that  are  pertinent. 
Perhaps  Mr.  Maunder  can  say  something  on  this  subject. 

Mr.  Maunder.  There  were  one  or  two  questions  that  I  wished 
to  ask,  but  Mr.  Seabroke  has  already  asked  them,  and  I  have  no 
further  remark  to  make  except  to  congratulate  Mr.  Newall  on  his 
success. 
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The  Chairman,  I  am  sure  all  the  Fellows  present  will  con- 
gratulate Mr.  Newall  on  his  success.  He  has  been  an  ardent 
worker  in  astronomy  for  many  years,  and  we  have  been  looking 
forward  to  see  the  results  of  his  work.  I  am  sure  that  these  are 
as  excellent  as  we  expected  them  to  be,  and  we  will  continue  to 
look  forward  to  a  more  extended  series  later. 

Prof.  A.  A.  Ramhaut  then  read  a  paper  entitled  "  Notes  on  the 
Seduction  of  Stellar  Photographs." 

Prof,  Turner,  I  am  glad  to  think  that  Prof.  Rambaut  is 
working  at  this  subject,  which  has  occupied  my  thoughts  a  good 
deal  lately  from  a  different  point  of  view.  The  comparison  of 
formulae  is  very  interesting. 

The  Chairman  called  upon  Prof.  Naegamvala  to  say  something 
about  the  coming  Total  Solar  Eclipse  of  January  next. 

Prof.  Naegamvala,     I  did  not  think  that  I  should  be  called  upon 
to  say  anything  about  the  conditions  of  the  next  eclipse,  which, 
as  you  know,  will  be  visible  in  India.     However,  the  subject  is 
&miliar  to  me  now,  as  I  have  been  thinking  about  it  for  more 
than  a  year.     I  am  not  personally  acquainted  with  the  meteoro- 
logical conditions  of  the  northern  part  of  India ;  but  the  distin- 
guished President  of  the  Asiatic  Society  of  Bengal  is  present  here, 
and  he  can  say  more  on  this  particular  point  than  I  can.     But  so  far 
as  Southern  India  is  concerned  I  find  everyone  proposes  to  go  there  : 
first,  because  the  duration  of  totality  is  longest ;  secondly,  because 
it  is  cheapest  to  reach  any  of  the  stations  there ;  and,  thirdly, 
"because  it  is  nearest  for  astronomers  coming  from  Europe.     I  can 
say  something  about  the  conditions  there.     Last  year  was  a  very 
abnormal  year,  and  we  had  banks  of  clouds  all  over  the  Deccan  in 
January,  but  I  believe  such  a  thing  is  sure  not  to  happen  next 
year.     I  think  the  chances  are  99  to  i  in  favour  of  a  clear  sky  so 
far  as  Southern  India  is  concerned.     Unfortunately,  however,  the 
hour  of  the  day  is  not  the  best.    From  my  little  experience  in  ob- 
serving the  Sun,  I  find  that  one  cannot  get  a  decent  view  of  the  Sun 
after  1 1  o'clock  from  Poona,  as  the  air  is  so  very  tremulous.     The 
photographic  exposures  will  be,  however,  of  very  short  duration, 
and  that  may  go  a  great  way  in  counteracting  the  evil  effects  of 
an  unsteady  atmosphere.    Targaon  and  Jeur  will  be  the  best  places 
to  go  to,  but  observers  will  have  to  get  all  supplies  from  Poona 
and  must  be  prepared  to  camp  out.    The  month  is  that  of  January, 
which  is  one  of  the  very  best  months  in  the  Deccan,  and  camping 
out   will  be  a  pleasant  though  perhaps   a  new  experience   for 
those  who  come  there.     I  shall  very  likely  go  to  Jeur,  because 
Dr."Michie  "Smith,  the   Director  of   the   Government  of  India 
Observatory  at  Madras,  proposes  to  go  to  Targaon.     I  believe 
Dr.  Smith's  plan  is  to  photograph  the  corona  more  than  to  take 
the  spectrum.    He  is  preparing  to  photograph  the  corona  with  a 
40-ft.  telescope  of  6-in.  aperture  and  with  the  polar  siderostat.    He 
also  proposes  to  photograph  it  with  a  six-inch  refractor,  and  he  is 
going  to  use  some  slit  spectroscopes.    My  plan  is  more  spectroscopic 
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than  purely  photographic.  I  propose  to  take  photographs  of  the 
spectra  of  the  corona  with  a  6-in.  Taylor-Cooke  achromatic  lens 
with  2  objective  prisms  of  45  degs.  angle  and  6x8  inches  face ; 
this  will  be  the  largest  prism-lens  combination  that  bas  ever  been 
used  on  the  corona,  it  will  be  used  with  a  12-iD.  coelostat.  Besides 
this  I  propose  to  have  a  large  single  prism  sht  telescope  3  inches 
in  aperture,  and  to  use  that  on  the  corona  with  an  8-in.  lens  and 
i2-in.  siderostat.  I  propose  to  use  an  objective  prism  of  spar  and 
quartz  for  the  same  purpose,  2-in.  aperture.  I  hope  to  have  an 
integrating-telescope  of  small  size  for  the  spectrum  of  total 
radiation  from  the  eclipsed  Sun.  I  hope  to  have  a  few  photographs 
of  the  corona,  and  also  to  make  ordinary  meteorological  eye 
observations.  Mr.  Maunder  the  other  day  described  my  plans  as 
ambitious,  but  I  devoutly  hope  that  they  will  not  prove  too 
ambitious  for  me  and  that  I  shall  be  able  to  obtain  some  results. 

The  Chairman,  I  am  sure  we  have  all  heard  with  pleasure  the 
remarks  of  Prof.  Naegamvala  on  the  forthcoming  eclipse.  I  do  not 
think  his  plans  are  at  all  too  ambitious  and  I  hope  he  ^nll  be 
quite  successful.  He  travelled  all  the  way  from  India  to  somewhere 
past  the  North  Cape  to  get  a  little  experience  to  do  justice  to  this 
Indian  Eclipse.  The  little  experience  he  gained  then  will  do 
something  towards  helping  him  to  get  over  that  feeling  of  tremor 
and  anxiety  that  all  eclipse  observers  must  have  when  they  see 
their  first  eclipse.  We  all  hope  that  Prof.  Naegamvala  will  have 
great  success  with  his  various  instruments. 

Prof.  E.  W,  Brown  (having  been  called  upon  to  read  his  two 
papers  on  the  lunar  theory).  I  feel  that  1  should  apologize  for 
the  technical  nature  of  these  papers.  It  has  often  occurred  to  me 
that  among  astronomers  the  lunar  theorist?  has  somewhat  the 
attributes  of  a  poUceman.  You  are  glad  he  is  there  to  be  con- 
sulted when  you  want  to  know  the  way,  but  at  other  times  most 
persons  prefer  to  have  as  little  to  do  with  him  as  possible.  However, 
I  will  try  to  give  a  short  account  of  my  first  paper  and  to  say  a 
few  words  on  the  later  history  of  the  lunar  theory.  There  are  two 
great  theories  of  the  Moon's  motion  which  have  been  used  during 
this  century  for  accurate  calculation :  the  theory  of  Hansen,  which 
was  worked  out  numerically,  and  that  of  Delaunay,  which  was 
necessarily  algebraical.  The  theory  I  have  been  engaged  on  for 
the  last  six  years  is  based  on  the  papers  of  Dr.  G-.  "W.  Hill, 
published  in  1877.  His  work  was  pioneer  work  to  a  large  extent, 
and  it  is  less  remarkable  for  the  development  which  it  then 
received  than  for  its  suggest iveness  in  giving  a  new  method,  not 
only  for  accurate  calculation  but  also  for  more  theoretical  re- 
searches. I  have  been  chiefly  occupied  in  developing  it  for  accurate 
calculation,  and  in  actually  making  the  calculations  necessary  to 
find  numerical  expressions  for  the  Moon's  coordinates.  The 
portion  now  published  cbntains  the  whole  of  the  theory  necessary 
for  this  object,  and  the  results  of  the  calculations  are  given  so  far 
as  to  include  all  coefficients  up  to  and  inclusive  of  the  powers  and 
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products  of  the  second  degree  with  respect  to  the  eccentricities, 
the  incHnation,  and  the  ratio  of  the  parallaxes.  Some  results  of 
interest  have  already  been  published  in  the  'Monthly  Notices.' 
These  concern  the  mean  motions  of  the  perigee  and  node  and  the 
secular  accelerations.  Some  errors  have  been  detected  in  the 
theories  of  Hansen  and  Delaunay.  One  of  these,  in  the  motion  of 
the  node,  which  Hiinsen  supposed  to  be  due  to  a  want  of  coinci- 
dence between  the  centre  of  mass  and  centre  of  figure  of  the 
Moon,  is  probably  a  mere  numerical  error.  An  error  in  Delaunay's 
work  was,  by  good  fortune,  actually  traced  down.  My  second 
paper  contains  a  small  correction  to  the  value  for  the  mean  motion 
of  the  perigee  which  1  gave  a  short  time  ago. 

Mr,  Dyson,  1  wish  to  express  admiration  for  Prof.  Brown's 
work.  1  have  only  a  little  acquaintance  with  the  lunar  theory, 
but  sufficient  to  appreciate  the  immense  value  of  Prof.  Brown's  work 
and  the  very  great  difficulties  which  he  has  surmounted.  There  is 
another  point  which  lias  not  been  mentioned,  but  which  might  be ; 
and  that  is,  that  besides  developing  Dr.  Hill's  new  theory  of  the 
j\ioon's  motion,  Prof.  Brown  has  given  us  the  best  book  on  the 
existing  theories.  On  both  these  grounds  I  think  we  may  heartily 
congratulate  Prof.  Brown. 

The  Chairman,  I  am  delighted  to  hear  that  Mr.  Dyson  can 
give  his  support  to  the  technical  side  of  these  papers,  and  I  am 
sure  everyone  will  agree  that  such  a  difficult  subject  has  never 
l^een  put  before  this  Society  so  nicely  and  so  clearly  as  Prof.  Brown 
lias  put  it  to-night. 

The  following  papers  were  announced  and  partly  read  : — 

Frof.  E.  W.  Brown,     "  Theory  of  the  Motion  of  the  Moon." 

Prof.  E,  W,  Brown,  "  Note  on  the  Mean  Motion  of  the  Lunar 
Perigee  and  Node." 

C.  J.  Merfield,  "Elements  of  Comet  Perrine  (/")  1896, 
INovember  2." 

Prof,  K.  D.  Naegamvala.     "  Nebula  ^  I.  43  Virginis." 

W,  F,  Denning.     "  The  Shower  of  Leonids  in  1897." 

John  Tebbutt.  "  Eesults  of  Double  Star  Measures  with  the  8-inch 
Equatorial  at  Windsor,  New  South  Wales,  1896." 

Prof.  A.  A.  Bambaut.  ''Notes  on  the  Eeduction  of  Stellar 
Photographs." 

Pr(^.  A,  A,  Eamhaut.  "  Photographic  Observations  of  Comet  b 
1896." 

ff,  F,  Newall,  "  Some  Determinations  of  Velocity  in  the  Line  of 
Sight  made  at  the  Cambridge  Observatory." 

A,  Marth,  *'Ephemeris  for  Physical  Observations  of  the 
Moon." 

The  following  gentleman  was  elected  a  Fellow  of  the  Society : — 

Prof,  Hmry  C.  Lord,  Director  of  the  Emerson  M^^Millin 
Observatory,  Ohio  State  University,  Columbus,  Ohio,  U.S.A. 
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Tbe  following  Candidate  was  proposed  for  election  as  a  Fellow 
of  the  Society : — 

William  James  Stewart  Lockyer,  M.A.,  Ph.D.,   i6   Penywern 
Road,  South  Kensington,  S.W.    (Proposed  by  J.  W.  L.  Glaisher.) 


THE  BEITISII  ASTRONOMICAL  ASSOCIATION. 


1 


hiE  seventh  ordinary  meeting  of  the  present  session  of  the  British 
Astronomical  Association  was  held  at  University  College  on 
Wednesday,  May  26th,  Mr,  N.  E,  Green,  President,  in  the  Chair. 

The  election  of  fifteen  new  members  was  confirmed,  and  the 
names  of  five  candidates  for  membership  were  read  and  suspended. 

Mr,  F,  J.  Wardale  read  a  paper  on  "  The  Rotation  of  Venus." 
Referring  to  previous  papers  and  discussions  on  this  question,  he 
pointed  out  that  owing  to  the  proximity  of  Venus  to  the  Sun  the 
presumption  was  that  a  much  larger  proportion  of  the  water,  if 
any  existed  on  the  planet,  would  be  in  a  vaporous  state  than  on 
our  Earth,  and  that  consequently  the  probability  of  the  planet's 
atmosphere  being  heavily  clouded  was  even  greater  than  had  been 
generally  assumed.  He  next  alluded  to  the  extreme  rarity  of 
really  favourable  opportunities  for  observing  Venus.  The  rising 
or  setting  of  the  planet  never  differed  from  that  of  the  Sun  by 
more  than  four  hours,  and  the  result  was  that  it  could  only 
be  observed  under  one  of  three  unfavourable  conditions : — (i)  when 
the  Sun  was  shining  in  his  strength  and  setting  up  air-currents ; 
(2)  when  the  Sun  was  rising  or  setting  and  rapid  changes  of 
temperature  were  taking  place  with  similar  results  ;  or  (3)  when 
the  planet  itself  was  at  a  low  altitude.  Mr.  Wardale  then 
suggested  an  experiment  for  producing  artificially  the  effect  of 
air-currents  on  a  lantern-slide  view  of  the  planet.  He  beheved 
the  results  would  be  an  appearance  of  shadings  or  markings. 

P^'of.  Naegamvala  was  surprised  that  no  mention  had  been  made 
of  the  possibility  of  settling  the  question  of  the  rotation  of  Venus 
by  the  spectroscopic  method.  Two  eminent  astronomers  were 
now  engaged  upon  the  question  and  he  believed  it  would  very 
soon  be  settled. 

Mr,  Maunder  remarked  that  such  observations  were  very  much 
more  difficult  in  the  case  of  Venus  than  in  that  of  Jupiter.  The 
actual  speed  of  a  point  on  the  equator  of  Venus,  supposing  a 
rotation  period  of  24  hours,  would  be  only  something  like  -^  of 
the  speed  they  had  in  the  case  of  Jupiter.  The  experiment  could 
hardly  be  undertaken  with  any  hope  of  success,  except  with  the 
very  largest  instruments  in  existence,  and  probably  not  even  with 
those.  And  this  was  equally  true  of  the  suggested  photographic 
method.  The  scale  of  Venus  in  the  primary  focus  of  even  the 
largest  telescope  would  be  very  small  indeed. 

Mr,  Petrie  read  a  ri^umi  of  an  address  delivered  by  Mr.  John 
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Tebbutt,  the  President  of  the  New  South  Wales  Branch  of  the 

Association,  at  their  second  Annual  Meeting.     The  abstract  of  a 

paper  by  Father  Sidgreaves  on  "  The  Spectrum  of  /3  Lyras  "  was 

also  read.     Over  loo  photographs  had  been  taken  between  May 

and  November  1895,  but  only  88  plates  have  been  employed  in  the 

discussion  of  the  changes.     These  had  been  arranged  according  to 

their  time  intervals  from  a  preceding  principal  minimum  of  the 

star's  light-period,  irrespective  of  their  absolute  dates.      It  was 

found  that  the  bright  lines  faded  considerably  during  the  second 

half  of  the  light-period,  and  recovered,  abruptly,  shortly  after  the 

chief  minimum,  or  beginning  of  the  period.     But  there  was  one 

notable  exception  in  the  green-blue  hydrogen  line,  H/3.     This  line 

appeared  to  remain  comparatively  constant  in  brightness. 

Mr.  Maunder  then  gave  a  short  history  of  recent  solar  eclipse 
observation  with  special  reference  to  the  corona,  illustrated  by  a 
large  number  of  lantern-slides  of  drawings  and  photographs. 

The  President  asked  Prof.  Naegamvala  if  he  had  any  statement 
"fco  make  with  regard  to  the  solar  eclipse  of  January  next. 

Prof,  ^aegamvaJa  said  there  was  not  much  to  tell  the  Associa- 

"fcion.     They  knew  that  the  weather  probabilities  were  much  more 

:Cavourable  than  at  Vadso  last  year,  and  the  facilities  for  reaching 

"fihe  line  of  totality  would  also  be  very  much  more  favourable. 

IProf.  Michie  Smith  proposed  to  make  purely  photographic  obser- 

^vations.     He  understood  that  the   Jesuit    College    of   Calcutta 

intended  to  send  an  expedition  into  the  north.     His  own  attempts 

"would  be  mainly  spectroscopic,  and  he  would  most  likely  choose  a 

station  near  Jeur  on  the  Great  Indian  Peninsula  Eailway.     Prof. 

^aegamvala  then  showed,  with  the  aid  of  the  lantern,  several 

photographs  of    interesting  nebulae  and  star-Melds  taken  with  a 

i6|-in.  reflector,  and  also  with  a  Eoss  portrait-lens  of  2  inches 

aperture  and  a  Dallmeyer  portrait-lens  175  in.  in  aperture. 

Mr.  Davis  read  a  paper  on  "  A  Mode  of  expressing  the  State  of 
the  Atmosphere  in  connection  with  Astronomical  Observations." 
He  thought  it  was  extremely  desirable  to  distinguish  between 
transparency  and  disturbance,  and  submitted  the  following  scale  as 
a  useful  one  for  general  purposes : — T,  perfectly  transparent ; 
C,  ordinarily  clear ;  D,  dense ;  V,  veiled ;  E,  foggy,  smoky ; 
S,  perfectly  steady ;  M,  minimum  motion ;  Z,  zephyr ;  U,  unsteady ; 
W,  windy ;  P,  passing  clouds. 

The  Fresiderit  thought  some  agreed  system  to  intimate  what  sort 
of  opportunity  they  had  was  desirable.  There  might,  however,  be 
differences  of  opinion  with  regard  to  the  merit  of  letters  or 
figures. 

Mr.  Griffiths  thought  that  for  most  instruments  Mr.  Davis's 
scale  introduced  unnecessary  refinement. 

Mr.  Lunt  thought  Mr.  Davis  had  made  a  great  step  in  advance 
in  suggesting  a  system  which  divided  definition  under  two  headings. 
The  letters  arranged  by  Mr.  Davis  were  a  great  aid  to  memory 
and  were  preferable  to  any  system  which  described  the  state  of 
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the  atmosphere  by  figures.  Eef erring  to  the  photographs  just 
shown  by  Prof.  Naegamvala,  the  speaker  said  that  for  delicacy 
and  beauty  of  detail  o^  the  brighter  parts  of  the  nebulae  he  had 
never  seen  anything  to  excel  them. 

Mr.  Longhottom  thought  that  the  simpler  the  system  they 
adopted  the  better.  Observers  differed  greatly  in  their  estimation 
of  observing  conditions.  Mr.  Davis's  ingenious  scheme  might 
prove  too  elaborate.  If  the  results  were  good  it  was  self-evident 
that  the  conditions  were  good. 

Mr.  Maunder  said  that  Mr.  Davis  had  overlooked  one  point.  It 
was  not  the  amount  of  wind  that  was  important  but  the  tremu- 
lousness  of  the  image.  They  might  have  a  dancing  and  flaring 
image  on  a  night  with  little  or  no  wind.  Mr.  Maunder  then 
referred  to  Prof.  Naegamvala's  photographs  and  said  he  had  been 
greatly  struck  with  the  exceeding  beauty  of  the  originals,  which  it 
had  been  impossible  adequately  to  reproduce. 

The  Meeting  then  adjourned. 


KOYAL  METEOEOLOaiCAL  SOCIETY. 

The  last  Meeting  of  this  Society  for  the  present  session  was  held 
at  the  rooms  of  the  Eoyal  Astronomical  Society,  Burlington  House, 
on  Wednesday  afternoon,  June  i6th,  Mr.  E.  Mawhy,  F.B.IJ.S,, 
President,  in  the  Chair. 

A  paper  by  Mr.  B.  C.  Mossman,  F.R.S.E.,  on  "The  Non- 
Instrumental  Meteorology  of  London,  17 13-1896,"  was  read  by 
the  Secretary.  The  author  has  gone  through  the  principal  meteoro- 
logical registers  and  weather  records  kept  in  the  metropolis,  and 
in  this  paper  discusses  for  a  period  of  167  years  the  notices  of 
thunderstorms,  lightning  without  thunder,  fog,  snow,  hail,  and 
gales. 

The  average  number  of  thunderstorms  is  97  per  annum,  the 
maximum  occurring  in  July,  and  the  minimum  in  February.  The 
average  number  of  togs  is  24*4,  and  of  "  dense  "  fogs  5*8  per  annum. 
The  decadal  means  show  that  there  has  been  a  steady  and  uninter- 
rupted increase  of  fog  since  1841.  The  average  number  of  days 
with  snow  is  13-6  per  annum.  The  snowiest  winter  was  that  of 
1887-8  with  43  days,  while  in  the  winter  of  1862-63  there  is  not 
a  single  instance  of  a  snowfall.  The  mean  date  of  first  snowfall  is 
November  9th,  and  of  last  snowfall  March  30th.  Hail  is  essen- 
tially a  spring  phenomenon,  reaching  a  maximum  in  March  and 
April ;  the  minimum  is  in  July  and  August.  The  average 
number  of  days  with  hail  is  5-9  per  annum. 

Mr.  C.  Harding  gave  an  account  of  the  hailstorm  which 
occurred  in  the  south-west  of  London  on  April  27th,  1897.  This 
accompanied  a  thunderstorm  in  which  the  hghtning  was  very  vivid. 
The  hail  lasted  only  about  20  minutes,  from  6.30  to  6.50  p.m., 
and  in  that  short  space  of  time  the  melted  hail  and  rain  amounted 
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:o  about  an  inch  of  water.  The  districts  affected  by  the  hail  were 
looting,  Balham,  Streatham,  Tulse  Hill,  and '  Brixton.  The 
ground  was  quite  white  with  the  hailstones,  which  in  some  places 
-^enaained  unmelted  the  whole  of  the  next  day.  Much  damage  was 
3.oiie  to  truit  and  shrubs. 


The  Great  Meteoric  Shower  of  November. 

[Continued  from  p.  244.] 

Visible  aspect  of  the  Leonids, 

IThese  meteors  display  different  features  accordiug  to  the  varying 
C3onditions  under  which  they  are  presented  and  according  to  their 
^ize.  There  is  no  doubt  that  the  individual  particles  show  a  great 
<iissimilarity  as  regards  real  dimensions.  Duriug  an  abundant 
ehower  of  Leonids  the  smallest  meteors  visible  to  the  eye  are 
ifound  to  be  interspersed  with  occasional  fireballs  of  the  largest 
<;lass.  The  latter  will  burst  out  with  lightning-like  flashes, 
dlluminate  the  sky  and  landscape,  and  leave  dense  streaks  enduring 
dn  different  cases  from  i  minute  to  several  hours. 

Apart  from    actual   differences   in   size,    the   meteors   exhibit 

3)eculiarities  of  appearance  depending  upon  the  elevation  of  the 

jadiant  and  upon  their  apparent  position  relatively  to  that  focus. 

~When  the  radiant  has  just  risen  the  meteors  appear  to  traverse 

extraordinarily  long  flights,  their  directions  being  nearly  parallel  to 

the  Earth's  surface  and   presented  to   the  observer  under  the 

greatest  apparent  angles.     On  the  other  hand,  when  the  radiant 

is  near  the  meridian  just  before  sunrise  the  tracks  are  much 

foreshortened  by  the  effects  of  perspective.     With  the  radiant  on 

the  horizon  the  tracks  will  be  generally  40°  or  45"  long  *,  while 

they  will  not  average  more  than  10°  or  12°  when  the  sickle  of  Leo 

is  culminating.     The  radiant  of  the  Leonids  passes  the  meridian 

at  6^  30"^  A.M.  on  November  15,  at  an  altitude  of  6i^°  in  the 

S.  part  of  England. 

Meteors  which  appear  near  the  radiant  are  very  short,  their 
lengths  decreasing  the  nearer  they  are  to  that  centre.  Such  objects 
are  obviously  approaching  nearly  in  the  observer's  line  of  sight, 
and  their  tracks  are  greatly  foreshortened.  A  certain  number  of 
meteors  appear  to  be  perfectly  motionless  at  the  absolutely  central 
point  of  divergence.  Under  such  circumstances  they  are  like 
fixed  stars  o  somewhat  abnormal  type,  for  they  have  a  soft  brushy 
appearance,  due  to  the  halo  of  phosphorescence  which  surrounds 
the  nucleus  and  often  lingers  an  appreciable  time  in  the  sky  after 
the  latter  has  disappeared.  These  stationary  meteors  are  some- 
times presented  simply  in  the  form  of  small  luminous  clouds,  of 

*  On  1879,  Nov.*  12,  10^  17™,  when  the  radiant  was  just  rising,  I  saw  a 
Leonid  with  a  pat^  98°  long. 
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round  or  oval  shape  and  of  very  transient  duration.  The 
Eev.  W.  E.  Dawes,  describing  his  notes  of  the  shower  of  1866, 
Nov.  13,  says : — *'  Several  near  the  radiant-point  in  Leo  appeared 
like  little  puffs  of  steam  and  assumed  the  form  of  a  shuttle,  which 
forcibly  reminded  me  of  the  great  nebula  in  Andromeda  as  seen 
with  small  optical  power.  These  usually  remained  nearly 
stationary,  though  some  seemed  to  twirl  round  through  20°  or  30° 
while  disappearing.''  Objects  of  this  class  are  useful  as  an 
indication  of  the  place  of  the  radiant ;  but  they  cannot  always  be 
relied  on  to  show  it  with  great  accuracy,  for  so-called  stationary 
meteors  frequently  have  very  short  paths  of  ^°  or  ^%  which  may  be 
inappreciable  to  the  eye.  It  is  found,  as  a  natural  consequence, 
that,  on  comparing  a  number  of  stationary  meteors  belonging  to 
a  prominent  shower,  the  positions  disagree  amongst  themselves 
to  the  extent  of  several  degrees.  A  few  well-observed,  long-pathed 
meteors  will  allow  a  radiant  to  be  fixed  as  exactly  as  from  several 
supposed  stationary  meteors  ;  but  the  latter  are  perhaps  more 
reliable  because  they  must  belong  to  the  radiant  at  or  near  which 
they  appear,  whereas  the  former  being  a  long  distance  away  may 
emanate  from  other  showers  in  the  same  region. 

The  streaks  or  afterglovfs  visible  along  the  paths  of  the  great 
majority  of  the  Leonids  form  a  characteristic  feature.  In  every 
display  of  this  phenomenon  observers  have  been  struck  with  the 
straight,  lance-like  films  of  nebulosity  which  furrow  the  sky  in  all 
quarters.  In  some  cases  these  streaks  will  brighten  up  perceptibly 
after  the  nuclei  have  disappeared,  and  they  are  occasionally  seen  in 
places  where  no  meteors  ot'  ordinary  type  have  been  observed  ;  the 
inference  being,  in  every  such  instance,  that  the  afterglow  must 
have  been  brighter  than  the  head  which  preceded  it.  It  is  not 
our  purpose  to  enquire  into  the  nature  of  the  appearances  alluded 
to ;  they  may  be  partly  due  to  luminous  cylinders  of  air  produced 
by  violent  concussions  from  the  stony  fragments  piercing  it  with  a 
velocity  of  44  miles  per  second,  or  they  may  be  almost  'entirely 
attributable  to  the  white-hot  material  evolved  from  these  projectiles 
during  their  rapid  dissipation.  The  fact  that  the  streaks  are  often 
broken  and  visible  in  sections  along  the  track,  while  they  are 
always  most  intense  at  those  particular  points  corresponding  with 
the  greatest  outbursts  of  light  in  the  nuclei,  strongly  suggests  that 
they  are  formed  by  exuded  gas  from  the  latter.  Moreover  the 
formations  referred  to  are  sometimes  visible  for  a  comparatively 
long  period  and  drift  many  degrees  from  the  places  of  their  first 
projection  in  the  forms  of  distinct  cosmic  clouds,  so  that  we  may 
conclude  they  are  something  different  to  a  mere  luminous  effect 
temporarily  impressed  upon  the  air. 

The  duration  of  the  streaks  varies  in  different  cases,  but  it  is 
dependent  in  a  great  measure  upon  the  size  of  the  meteor  pro- 
ducing it.  As  a  rule,  the  brighter  the  meteor  the  brighter  will  the 
streak  be  and  the  longer  its  duration.  Many  of  the  small  Leonids 
leave  streaks  which  are  only  of  momentary  duration,  but  larger 
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ones  equal  to  Venus,  or  still  larger  ones  comparable  to  the  Moon 
in  one  of  her  phases,  will  project  streaks  for  a  long  period.  During 
the  great  display  of  1866  many  of  the  streaks  from  fine  meteors 
were  watched  during  5,  7,  or  10  minutes;  others  were  retained 
in  view  for  12,  15,  and  20  minutes.  The  writer  at  Bristol 
observed  a  Leonid  streak  which  remained  visible  during  45  minutes, 
and  several  instances  were  recorded  of  durations  exceeding  this. 
When  the  streak  is  first  formed  it  is  narrow  and  perfectly  straight, 
but  it  soon  becomes  serpentine  and  assumes  an  irregular  figure  as  it 
drifts  *  slowly  along  under  the  influence  of  a  wind  current  in  the 
upper  region  of  the  atmosphere.  Sometimes  the  form  is  like  the 
letter  S  or  W,  but  it  changes  rapidly  during  the  process  of  drift  and 
decadence  under  which  its  existence  is  tolerated.  The  height  of 
these  cosmic  clouds  ranges  from  about  48  to  60  miles.  Their 
diameter  varies  from  a  few  hundred  feet  at  first  to  about  2  miles 
when  they  have  expanded  and  curled  up  into  an  irregular  mass 
prior  to  their  disappearance. 

With  reference  to  the  colours  displayed  by  the  Leonids  and 
their  streaks,  it  is  certain  that  one  description  will  not  apply  to  all 
cases.  Many  of  the  observers  of  the  last  bright  return  of  these 
meteors  have  recorded  their  impressions  as  to  this  feature  and  it 
may  be  as  well  to  quote  from  their  reports : — 

**The  streaks  were  of  a  most  delicate  greenish  hue.  This 
greenish  tint  was  very  constant.  The  meteors  themselves,  on  the 
contrary,  had  often  a  ruddy  glow,  and  in  cases  where  the  path  was 
much  foreshortened  to  the  eye  and  both  streak  and  meteor  could 
be  seen  in  opposition  the  contrast  between  the  colours  of  the  .two 
was  very  remarkable." — G.  F.  Bubdbe,  Bristol. 

"  The  great  number  of  large  meteors  on  the  S.E.  horizon  up  to 
15°  altitude  were  mostly  orange-red,  whilst  those  between  Leo 
and  the  north  were  bluish  white." — E.  J.  Lowe,  Nottingham. 

"Some  were  of  gold  or  copper  tint,  some  quite  ruddy,  but  the 
very  great  majority  were  brilliant  white  or  blue,  resembling  the 
electric  light." — T.  Cetjmplen,  London. 

"  The  shower  consisted  of  orange-coloured  meteors  leaving  streaks 
of  green."— Sir  T.  Ma.olbae,  Cape  of  Good  Hope. 

"The  nuclei  were  mostly  bluish-white,  except  when  near  the 
horizon  they  appeared  of  an  orange  or  ruddy  tint.  The  trains  were 
generally  of  a  greenish- white  hue." — E.  Howlbtt,  Canterbury. 

"  A  frequent  colour  of  the  nuclei  was  a  ruddy  yellow  and  of  the 
streaks  pale-green." — A.  S.  Heesohel,  Glasgow. 

"  Their  colour  was  yellow-orange,  and  sometimes  red,  while  the 

*  Prof.  0.  Piazzi  Smyth  observed  a  fine  meteor  on  1866,  Nov.  13,  at  14*^  40™, 
which  left  a  luminous  track  like  a  silver  snake  in  the  sky.  This  track  soon 
widened  and  became  fainter,  drifting  also  under  the  action  of  the  N.W.  wind 
blowing  at  the  time.  After  1 5  min.  the  train  matter  was  still  visible,  changed 
to  something  like  the  outline  of  a  gigantic  pear,  and  drifted  some  30°  from  its 
lirst  position.  At  Athens  Schmidt  saw  a  bright  Leonid  on  the  same  night  at 
16^  18"^,  which  left  a  visible  trail  for  51  minutes. 
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luminous  streaks  were  of  an  emerald-green  or  bluish  hue,  though  in 
some  cases  red.*' — V.  Fasbl,  Clapham. 

'*  The  colours  of  the  nuclei  were  mostly  white,  blue,  metallic 
green,  and  sometimes  a  coppery  red." — J.  Compton,  Norwicli. 

"  There  was  a  blue  or  green  appearance  of  several  of  the  streaks, 
with  heads  of  a  ruddy  colour.  Some  few  of  the  heads  were  also 
thought  to  be  blue."— James  Challis,  Cambridge. 

"  Most  of  the  meteors  exhibited  a  decidedly  red  head  with  a 
bluish-green  streak.  I  noted  that  their  altitude  had  a  great 
influence  on  their  colour,  those  on  the  horizon  being  much  more 
tinted  than  those  in  the  zenith,  where  some  of  the  brightest  looked 
nearly  white  with  blue  streaks." — C.  Gbovbb,  Chesham. 

"  The  prevailing  colour  was  white,  but  some  of  them,  especially  the 
larger  meteors,  had  an  orange  hue,  while  others  again  had  a  bluish 
tinge.  The  colour  of  the  streaks  was  invariably  a  bright  emerald- 
green." — E.  Geant,  G-lasgow. 

*'  The  meteors  were  red  or  white  and  rarely  blue." — E.  Main, 
Oxford. 

"  The  nuclei  genei-ally  red  or  deep-orange,  while  the  streaks 
were  greenish  or  bluish." — J.  Birmingham,  Tuara. 

"  The  colour  may  be  said  to  be  pale-green,  the  proportion 
between  this  and  the  red  being,  about  4  to  i." — ^W.  H.  Wood, 
Birmingham. 

The  Leonids  seen  in  1879  by  Mr.  Corder,  at  Bridgwater,  he 
described  as  yellow  with  green  streaks.  Of  the  shower  in  1896  he 
says ;  "  the  brightest  meteors  of  all  were  pale  orange  or  yellow,  the 
rest  white,  and  all  left  green  streaks." 

One  peculiarity  noticed  by  several  observers  in  t866  was  that 
the  nucleus  before  vanishing  appeared  to  shoot  ahead  of  the  phos- 
phorescent streak,  and  to  pursue  its  course  a  few  degrees  without 
any  attachment.  Mr.  C.  Grover  records  that  in  nearly  every 
instance  the  head  ceased  to  emit  a  train  before  it  vanished,  con- 
sequently the  head  was  clearly  parted  from  the  streak  before  dis- 
appearance. M.  Goulier,  in  describing  his  results  in  the  '  Comptes 
Eendus '  for  Dec.  1866,  says :  "  the  nucleus  shot  ahead  of  the  streak 
for  some  space  without  emitting  the  phosphorescent  light  of  the 
streak."  The  same  feature  was  independently  recognized  by  Sir 
J.  F.  W.  Herschel,  Mr.  E.  P.  Greg,  and  others.  The  explanation 
probably  is  that  the  nucleus  which  thus  loses  its  streak-producing 
capacity  is  merely  an  exhausted  ember  or  spark  in  the  final  stages  of 
its  flight.  The  writer  has  frequently  noticed  that  under  such  circum- 
stances the  nucleus  is  fainter  and  generally  moves  perceptibly  slower 
than  during  the  earlier  portion  of  its  path ;  in  fact,  as  already  stated, 
the  streak-giving  power  of  a  Leonid,  Perseid,  or  Orionid  meteor  is 
generally  in  proportion  to  its  brilliancy.  This  is  evident  from  the 
fact  that  upon  the  course  of  a  long-pathed  meteor  the  streak  \\  ill 
exhibit  marked  condensations,  corresponding  exactly  in  place  with 
the  positions  where  the  greatest  outbursts  of  light  occurred.  Li 
cases  where  a  meteor  attains  its  greatest  lustre  at  the  extreme  end 
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of  its  course,  there  also  the  streak  ia  found  to  be  Tno«5t  inteuvse  and 
durable.  But  in  numerous  instances  the  maximum  light  seems 
attained  a  few  degrees  before  the  point  of  final  disappearance,  and 
the  nearly  spent  nucleus  is  enabled  to  retain  sufficient  light  and 
substance  to  be  visible  in  its  path  a  few  degrees  beyond  the  spot 
whei*e  the  streak  terminates. 

The  bnghtness  of  the  meteors  forming  the  Leonid  swarm  offers 
another  interesting  feature  for  consideration.  It  has  already  been 
stated  that  the  most  brilliant  type  of  fireballs  are  intermingled 
with  the  smallest  visible  shooting-stars  during  a  rich  shower.  In 
the  display  of  1866,  Mr.  Backhouse  obtained  the  following  per- 
centage of  magnitudes : — 

Number  exceeding  ist  mag.  stars    ......  7 

equal  to    ist        „         14 

>*        2nd       „         17 

3rd        , 20 

4th        „         28 

„        5^**        «         H 

Mr.  J.  R.  Hind  stated  that  some  few  of  the  meteors  were  of 
considerable  brilliancy,  but  upon  the  whole  they  were  not  remark- 
able on  the  score  of  brightness.  Mr.  V.  Fasel,  at  Clapham,  said 
that  the  grr^ater  number  of  the  meteors  were  very  bright  and  in 
some  instances  as  large  as  the  planet  Jujiiter.  Mr.  S.  H.  Miller, 
at  "Wisbech,  Camb.,  remarked :  **  with  very  few  exceptions  those  I 
registered  were  equal  to  stars  of  ist  or  2nd  mag.,  but  some  were 
as  bright  as  Sirius."  Mr.  G.  J.  Symons,  of  London,  said  that  the 
largest  was  not  twice  the  apparent  brilliancy  of  Sirius ;  but  this 
mast  be  a  mistake,  for  a  large  number  of  reliable  observers  describe 
individual  meteors  many  times  brighter  than  Venus,  and  in  a  few 
cases  equal  to  ^,  ^,  ^,  or  |  the  diameter  of  the  Moon.  In  some  cases 
the  firmament  and  terrestrial  objects  were  brilliantly  illuminated 
by  the  bursting  of  large  meteors. 

Mr.  Baxendell,  of  Manchester,  wrote  that  out  of  every  100 
meteors  10  were  above  the  ist  mag. ;  the  brightest  of  these  were 
two  or  three  times  brighter  than  Sirius,  15  were  between  ist  and 
2nd  mag.,  25  between  2nd  and  3rd,  30  between  3rd  and  4th,  15 
between  4th  and  5th,  and  5  below  5th  mag.  Mr.  W.  C.  Nash,  at 
Greenwich,  said  that  a  far  greater  proportion  of  very  large  meteors 
of  all.  colours  were  seen  than  he  remembered  to  have  ever  before 
witnessed.  :  Mr,  W,  H»  Wood,  of  Birmingham,  estimated  that  the 
average  size  was  nearly  that  of  Mars,  then  shining,  which  many  of 
the  meteors  resembled.  A  small  proportion  only  were  equal  to 
Jupiter,  and  he  saw  only  one  that  ex.ceeded  Venus  at  her  greatest 
brilliancy.  Different  observers  appear  to  have  received  very  dis- 
cordant impressions  as  to  the  brightness  of  the  meteors.  In  the 
case  of  an  individual  meteor  this  can  be  readily  understood, 
because  the  various  observers  are  situated  at  different  distances  from 
the  object,  aivl  the  brightness,  we  know,  varies  inversely  as  the 
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square  of  the  distance.  Thus  a  splendid  Leonid  fireball  burst  out  over 
the  neighbourhood  of  Dundee  on  1866  November  13  14^  40",  and 
the  various  estimates  of  brilliancy  were  as  follows  : — ^Nottingham : 
8  X  2  .  Oundle,  Notts :  *'  Exceedingly  large  fireball,  lit  up  the 
whole  heavens  as  with  the  light  of  day."  Edinburgh :  Large  meteor, 
cast  the  observer's  shadow  on  the  ground.  Newcastle  on  Tyne : 
3x5.  Glasgow :  Very  large  meteor,  must  have  been  nearly  as 
bright  as  the  full  Moon,  for  it  lighted  the  interior  of  the  observatory. 
Aberdeen :  one-fifth  diameter  of  full  Moon.  As  regards  the  general 
brilliancy  of  the  meteors  forming  the  shower  Prof.  A.  S.  Herschel 
said  three  appeared  brighter  than  $  ,  and  one  very  much  brighter. 
Prof.  Grant  noted  that  "  Multitudes  of  the  meteors  were  equal  in 
brightness  to  stars  of  the  ist  mag.,  many  of  them  were  equal  to 
Jupiter  when  in  opposition,  while  some  of  them  rivalled  Venus 
when  at  her  greatest  brilliancy. 

The  table  on  the  opposite  page  gives  a  few  selections  of 
briUiant  meteors  seen  during  the  last  epoch  of  the  Leonids. 

Ln  1868  many  large  Leonids  were  also  observed.  At  Green wich^ 
on  the  night  following  Nov.  13,  a  fine  shower  was  witnessed  and 
18  of  the  meteors  were  as  bright  as  or  brighter  than  Jupiter.  As 
further  evidence  of  the  great  lustre  of  the  Leonids,  it  may  be  stated 
that  during  notable  returns  a  few  of  the  meteors  have  been  observed 
after  sunrise.  Thus  on  1867  Nov.  14  between  8  and  8.30  a.m. 
several  meteors  are  alleged  to  have  been  seen  at  Bremen  crossing 
the  Sun's  disc,  then  low  on  the  horizon. 

The  meteors  are  not  accompanied  by  any  detonation  or  audible 
sound.  Several  observers  have,  it  is  true,  asserted  that  they  have 
heard  a  hissing  or  crackling  noise  at  the  times  when  some  of  the 
largest  meteors  have  fallen,  but  this  must  have  resulted  from  an 
erroneous  impression.  The  phenomenon  of  a  great  meteor  shower 
is  an  absolutely  silent  one,  though  the  evidence  of  violent  commotion 
and  ceaseless  activity  is  written  in  vivid  characters  upon  the  sky.  It 
is  to  be  presumed,  however,  that,  in  the  very  exceptional  case  where 
a  fine  Leonid  approaches  comparatively  near  to  the  Earth's  surface 
before  its  final  (fisruption,  there  is  no  reason  why  a  perceptible 
detonation  should  not  reach  the  ears  o£  spectators.  Such  an  effect 
may  be  regarded  as  quite  possible,  for  detonating  fireballs  from  other 
systems  are  not  vety  rare,  and  there  is  no  reason  to  suppose  that 
the  Leonids  belong  to  a  special  class  of  meteorites  either  in  respect 
to  their  composition  or  distances.  The  fact  remains,  however,  that 
in  the  presence  of  the  great  activity  and  brilliancy  of  past  Leonid 
displays  the  silenc  e  of  night  has  been  rarely,  if  ever,  broken  *. 

*  During  the  feeble  shower  of  Leonids  on  1895,  ^oy.  13,  Mr.  Blakeley,  at 
Dewsbury,  saw  a  very  fine  meteor  (about  half  equal  to  the  Moon  in  apparent 
brightness).  The  time  was  12^  32™,  and  the  apparent  path  of  the  meteor 
from  215°  +55°t023o°  +55°.  At  12^  43°*  he  heardaduU,  faint  reverberation 
from  all  round  the  sky,  and  thought  that,  in  the  absence  of  any  other  explana- 
tion, the  sound  must  have  been  caused  by  the  explosion  of  the  meteor. 

W.  r.  Denning. 

[To  be  continued.] 
VOL.  XX.  2  a 
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Confirmed  or  New  Variable  Stars. 

Feom  my  observations  I  can  confirm  or  report  the  following  orange 
or  red  stars  as  certainly  variable,  though  they  do  not  appear  in 
Chandler's  '  Third  Catalogue  of  Variable  Stars.'  Some  of  these 
stars  have  been  announced  as  suspected  or  certainly  variable  by 
other  observers. 


1. 
£)s.  Sdqi. 

2. 
Bm. 

3- 

4. 
R.A.  1890. 

5. 
Dec. 

1890. 

6. 
Mag. 

7- 
Average 

colour. 

8. 

Spectrum 

type. 

^53 

121 

Taurus. 

h   m     8 
5  39     6 

0     1 
+20  39 

77 

OrB*-2 

IV. 

172 

13s 

Gemini. 

6    4     3 

+26    2 

7*4 

OrE*<> 

IV. 

173 

136 

»» 

6     5  15 

+21  54 

7*3 

ROr3-2 

III. 

350 

277 

Virgo. 

12  19  37 

+  I  iz 

81 

ROr*« 

IV. 

492 

410 

OphiuchuB. 

17  23  14 

-19  23 

7-8 

R*-3 

IV. 

735 

Laoerta. 

22  43  36 

+54  38 

9*5 

ROr*°* 

in. 

In  the  table  col.  i  gives  the  number  in  Espin's  Revision  of 
Birmingham's  Catalogue  of  Eed  Stars;  col.  2  Birmingham's 
number ;  col.  3  the  constellation ;  cols.  4  and  5  position  for 
1890;  col.  6  B.D.  magnitude;  col.  7  the  average  colour  from 
my  observations.  In  this  column  the  names  of  the  colours  are 
nearly  the  same  as  those  given  by  Franks  in  the  '  Monthly  Notices 
of  the  Eoyal  Astronomical  Society'  (vol.  xlvii.  p.  271),  except  that 
two  tints  are  taken  between  the  principal  colours ;  thus  between 
Or  and  E  I  take  KOr  (reddish  orange)  and  OrR  (orange-red). 
Col.  8  gives  the  type  of  spectrum  as  given  by  Kriiger  in  his 
'  Catalog  der  farbigen  Sterne.' 

All  of  these  stars  are  of  Pickering's  III.  Class  of  variable  stars, 
unless  it  be  the  star  in  Lacerta,  which  may  be  of  Class  IV. 

Bm.  121  is  of  Espin's  19  Piscium  type,  which  appears  to  be  a 
subclass  of  Pickering's  Class  III.  Its  range  is  about  two  magni- 
tudes. It  has  long,  I  believe,  been  recognized  as  a  variable  by 
others  besides  myself. 

Some  years  ago  I  announced  Bm.  135  and  136  Geminorum  as 
probably  variable.  I  am  satisfied  as  to  their  variability.  An 
examination  of  my  observations  shows  that  though  Bm.  136  is  as 
a  rule  steady,  or  nearly  so,  it  is  sometimes  decidedly  variable,  its 
range  being  from  67  to  7*9  magnitude.  Its  spectrum  being  stated 
to  be  of  Type  III.,  it  does  not  come  under  Espin's  19  Piscium 
type  of  variable ;  though  whether  the  spectrum  should  be  held  to 
settle  the  classification  as  to  variability  is  a  moot  point.  If  it 
should  in  some  cases,  should  it  not  in  all,  and  so  cause  a  further 
subdivision  of  the  classification  ? 

*  Es.  Bm.  735  i3  midway  between  Or**°  and  ROr*'®. 
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The  fluctuations  of  Bm.  135  have,  on  the  other  hand,  an 
approach  to  regularity.  A  period  of  443  days  satisfies  the 
observations  better  than  any  other,  and  fits  most  of  them,  but  is 
entirely  inconsistent  with  some.  The  period  is  therefore  clearly 
irregular,  yet  apparently  too  regular  to  class  this  star  under  the 
19  Piscium  type.     The  range  is  from  7*4  to  8*2  magnitude. 

So  far  as  I  have  yet  observed,  Bm.  277  and  410  have  a  small 
range,  and  are  likely  to  prove  of  the  19  Piscium  type.  The  red 
colour  of  the  latter,  though  not  so  deep  as  of  some  other  stars, 
has  usually,  though  not  always,  appeared  to  be  without  the  slightest 
admixture  of  orange. 

Es.  Bm.  735  probably  has  a  wider  range.  It  is  usually  too  faint 
to  show  much  colour  with  my  instrument  (a  45-inch  refractor). 

In  your  issue  of  February  1895,  I  announced  Bm.  18  Piscium 
as  probably  a  variable,  but  my  observations  have  shown  it  as 
practically  steady  since  then. 

Sunderland,  1897,  June  23.  T.  W.  BaOKEOUSE. 


CORRESPONDENCE. 

To  the  Editors  of  '  The  Observatory.' 

British  Observatories  Sixty  Years  ago. 

Gentlemen, — 

So  much  has  been  said  and  written  in  this  country  lately 
with  the  object  of  comparing  the  state  of  things  now  and  at  the 
Queen's  accession  in  1837,  that  perhaps  a  few  words  may  be  of 
interest  with  regard  to  the  observatories  which  existed  in  the 
British  Islands  and  Colonies  at  the  date  in  question.  Remarks 
will  be  unnecessary  on  the  progress  made  since. 

In  that  year  Airy  had  but  recently  been  appointed  Astronomer 
Royal,  and  had  not  yet  effected  any  changes  of  importance  in  the 
instrumental  equipment  of  the  Q-reenwich  Observatory.  Challis 
had  succeeded  him  at  Cambridge,  and  the  Northumberland 
equatorial  there  was  the  largest  telescope  in  use  in  England.  The 
Radclifie  Observatory  at  Oxford  was  under  the  direction  of  Rigaud, 
but  no  observations  of  his  have  been  published,  and  systematic 
practical  work  did  not  commence  until  the  appointment  of  Johnson 
in  1839. 

The  Edinburgh  Observatory  on  Calton  Hill  had  become  Royal 
in  1834,  and  Henderson  was  as  active  there  as  his  health  allowed, 
both  in  actual  observing  and  in  the  reduction  of  the  observations 
which  had  been  made  by  him  at  the  Cape  of  Q-ood  Hope.  No 
other  observatory  then  existed  in  Scotland. 

Sir  W.  R.  Hamilton  had  succeeded  Brinkley  at  Dublin  in  1827, 
but  it  does  not  appear  that  any  practical  work  was  carried  on  at 
the  Dunsink  Observatory  in  his  time.  Dr.  Robinson,  however, 
was  energetically  pursuing  his  stellar  work  at  Armagh. 

2a2 
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The  English  private  observatories  in  activity  in  1837  were  those^ 
of  Lord  Wrottesley  at  Blackheath,  Lassell  at  Starfield,  and  Dawe& 
at  Ormskirk  (where  he  was  observing  double  stars).  Dr.  Lee  had 
re-erected  at  Hart  well  in  1836  the  telescope  which  Admiral  Smyth 
had  used  at  Bedford,  but  activity  did  not  commence  at  the  former 
place  until  the  appointment  of  Epps  as  assistant  about  the  end  of 
1837.  Bishop's  observatory  in  Eegent's  Park  (which  afterwards 
became  so  famous)  had  been  founded  the  year  before,  but 
observing  work  did  not  practically  commence  there  until  Dawes 
removed  thither  in  1839.  On  the  other  hand,  Hussey's  observa- 
tions at  Hayes  Rectory  had  recently  terminated  at  the  epoch  of 
which  we  are  speaking,  the  last  recorded  (excepting  meteorological) 
being  of  Halley's  comet.  But  in  Ireland,  Col.  Cooper's  observa- 
tory at  Markree  Castle,  co.  Sligo,  had  been  in  activity  for  about 
three  years,  and  possessed  the  largest  refractor  in  the  British 
Islands. 

The  Cape  Observatory  was  under  the  direction  of  Maclear,  who 
had  been  appointed  to  it  in  1834.  He  landed  ten  days  before 
J.  Herschel,  who  set  up  his  telescope  at  Feldbausen,  and  made 
during  the  next  four  years  those  memorable  observations  of  the 
nebulae  &c.  in  the  southern  hemisphere  which  so  well  supplemented 
his  father's  work  in  the  northern.  Taylor  was  making  meridian 
observations  at  Madras,  but  it  is  to  be  feared  that  astronomy  has 
not  benefited  much  by  them.  The  Brisbane  Observatory  at 
Paramatta  was  still  in  existence,  but  its  activity  had  ceased  about 
two  years  before  the  time  of  which  we  are  speaking.  Regular 
astronomical  work  did  not  commence  in  Australia  until  sixteen 
years  afterwards,  when  the  observatory  was  founded  at  Williams- 
town,  which  ten  years  later  was  transferred  to  Melbourne. 

Tours  faithfully, 
Blackheath,  1897,  June  3.  W.  T.  Ltitn-. 

P.S. — May  I  take  the  opportunity  of  pointing  out  a  slip  or 
misprint  in  my  letter  of  May  6  ?  At  p.  247,  line  10,  for  "  and  of 
Mr.  Hind  "  read  "  out  of  Mr.  Hind."  As  it  stands  it  gives  the 
impression  that  Hind  had  been  lecturing  at  Whatley,  whereas  the 
meaning  is  that  Dean  Church  had  derived  his  information  from 
what  Hind  had  written, — W,  T.  L. 

White  Spots  on  Jupiter. 

GENTLBipiN, — 

The  white  spots  described  by  Herr  Brenner  on  p.  248  of 
the  current  number  of  the  *  Observatory '  are  very  interesting,  but 
instead  of  their  having  remained  in  the  same  position  with  respect 
to  the  red  spot  (or  the  "  shoulder "),  they  evidently  in  reality 
partook  of  the  westerly  drift  relative  to  the  latter,  which  is 
peculiarly  characteristic  of  the  surface-markings  in  the  locality  of 
the  South  Temperate  Band.  Take,  for  instance,  the  observations 
of  the  first  spot  of  1897  given  by  Herr  Brenner,  the  positions  of 
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which  are  based  on  micrometer  measures  *.  Between  March  2 1  and 
May  3  the  longitude  of  this  spot  decreased  by  26^,  or  at  the  rate 
of  "605°  per  day.  This  corresponds  to  a  period  of  rotation  of 
9^  55™  i5'''8,  which  is  in  excellent  agreement  with  previous  deter- 
minations of  this  element  t.  A  similar  motion  is  shown  by  the 
fiecond  spot  observed  by  Herr  Brenner  this  year.  Taking  again 
the  positions  based  on  micrometer  measures  %•>  the  longitude  of  the 
spot  decreased  by  15°  between  April  2  and  May  3,  or  at  the  rate 
-  -or  '484°  per  da3^  This  corresponds  to  a  rotation  period  of 
9**  55°*  2o"*8,  which  is  likewise  in  excellent  agreement  with  the 
foregoing. 

It  seems  certain,  therefore,  that  the  presence  of  the  white  spots 
^bove  the  left  "  shoulder  "  of  the  S.  equatorial  belt  referred  to  by 
Herr  Brenner  was  purely  accidental.     As  a  matter  of  fact,  such 
white  spots  are  exceedingly  numerous  in  this  latitude,  so  that  as 
they  drift  slowly  past  the  red  spot  it  is  a  matter  of  frequent 
occurrence  for  one  to  occupy  a  position  approximately  above  the 
**  shoulder."     But  always,  whenever  any  individual  spot  is  ade- 
quately observed,  it  will  be  found  to  have  this  westerly  drift,  which 
laas,  in  fact,  been  more  constant  and  uniform  than  the  drift  of  the 
-surface  material  in  any  other  latitude,  the  different  determinations 
"being  in  remarkably  close  agreement  ever  since  the  first  one  by 
"Schroeter  in  1787. 

The  westerly  drift  of  these  white  spots,  I  may  say,  is  well  shown 
\yj  some  of  Herr  Brenner's  own  drawings  and  charts.  See,  for 
instance,  charts  vii.,  x.,  xi.,  xiii.,  and  xv.  of  his  magnificent 
"X-ecently-published  work,  *  Jupiter-Beobachtungen  1895-6  an  der 
^Id!anora-Sternwarte,'  where  the  westerly  drift  of  a  curious  double 
^^^hite  spot,  above  the  preceding  end  of  the  red  spot,  is  admirably 
s^ihown.  Tours  faithfullv, 

Hove,  1897,  June  17.  A.  STANLEY  "WlLLIAMS. 

The  Orbits  of  Meteorites. 
Gentlemen, — 

In  the  current  number  of  '  The  Monthly  Notices '  of  the  Eoyal 

Astronomical  Society,  Mr.  Denning  concludes  from  observations 

-of  fireballs  that  they  are  usually,  if  not  always,  moving  in  orbits 

-of  short  period  with  direct  motion,  like  the  Jovian  class  of  comets. 

SSome  years  ago  the  late  Prof.  H.  A.  Newton  deduced  a  similar 

conclusion  as  regards  meteorites,  from  an  analysis  of  the  narra- 

"tives  relating  to  their  falls.     Indeed  the  connexion  between  fire- 

lalls  and  meteorites  cannot  be  doubted,  for  sometimes  a  fireball 

Tias  exploded  and  fragments  have  been  picked  up. 

*  The  two  obseryations  of  Feb.  24  and  March  8  evidently  relate  to  a  different 
spot 

t  In  the  'Monthly  Notices,'  vol.  Ivi.  p.  149,  I  gave  9^  55™  i8«'i  as  the 
fiTerage  rate  of  rotation  of  the  surface  material  in  this  latitude. 

}  Fositions  derived  from  drawings  are  seldom  sufficiently  accurate  to  be  of 
aoy  value  for  the  purpose  of  such  determinations. 
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In  this  state  of  things,  it  seems  by  no  means  improbable  that  the 
meteorites  with  which  Sir  J.  N.  Lockyer  and  others  experimented 
had  always  formed  a  part  of  the  solar  system,  and  that  none  of 
them  were  visitors  from  external  space.  If  so,  the  Meteoritic 
Theory  rests  upon  rather  an  unstable  basis. 

It  is  of  course  possible  that  meteorites  and  fireballs  may  be 
visitors  from  space,  which  were  captured  by  one  of  the  planets — 
in  most  cases  Jupiter.  But  I  do  not  think  this  capture-theory 
affords  a  satisfactory  explanation  of  the  facts.  Why,  for  instance, 
should  the  motion  of  the  captured  body  be  direct  ?  Or,  at  least, 
why  should  retrograde  periodic  comets  and  meteors  always  have 
periods  long  enough  to  assimilate  their  case  to  that  of  the  satel- 
lites of  Uranus  ?  Yours  truly, 

Dublin,  1897,  June  23.  W.  H.  S.  MONCK. 


A  new  *  Division  in  the  Saturnian  Ring- Si/stem. 

Gentlemen, — 

I  have  the  honour  to  inform  you  that  Mrs.  Manora  has 
discovered  a  new  division  in  the  Saturnian  ring-system.  It 
separates  the  ring  B  from  ring  C,  and  is  as  black  and  nearly  as 
broad  as  the  Cassini  division.  When  I  observed  and  measured  it 
first  (June  2)  I  saw  it  at  once  quite  distinctly,  as  I  did  also  on 
June  6  and  8,  when  I  measured  it  again.  On  June  5  the  new 
Manora  division  was  invisible  on  the  right  ansa  and  indistinct  on 
the  left  one,  so  that  I  suppose  it  can  be  seen  only  under  good 
atmospheric  conditions,  on  account  of  the  darkness  of  the  crape 
ring,  which  is  much  darker  now  than  it  was  in  the  preceding 
apparitions.  There  is  not  the  slightest  doubt  but  that  the  Manora 
division  is  really  a  recent  formation  ;  for  it  is  quite  impossible  that 
I  should  not  have  seen  it  during  the  last  apparition  on  many 
occasions,  and  I  remember  quite  well  that  under  the  best  conditions 
the  rings  B  and  C  were  not  separated  by  a  dark  line.  Besides, 
Mrs.  Manora  had  examined  particularly  the  rings  since  the 
discovery  of  the  Antoniadi  division,  in  view  of  finding  perhaps 
another  one — a  hope  realized  indeed !  The  measures  gave  o"'56 
for  the  Manora  division  and  o"'62  for  the  Cassini  division,  while  I 
estimated  the  breadth  of  the  Encke  and  Antoniadi  divisions  (both 

*  [We  scarcely  think  that  Herr  Brenner  is  justified  in  calling  this  appear- 
ance a  new  diTision,  for  so  many  markings  of  this  kind  have  been  seen  on 
Saturn's  rings  at  different  times,  that  it  leads  one  to  think  that  these  may  often 
be  subjectiTe  phenomena,  or,  as  was  suggested  by  M.  Flammarion  at  the  time 
when  M.  Antoniadi  observed  a  similar  appearance  (1896,  April),  it  may  be  that 
the  action  of  the  satellites  on  the  molecules  composing  the  rings  causes  periodic 
displacements,  which  are  seen  as  divisions.  On  1883,  October  29,  Prof.  David- 
son saw  the  division  of  the  crape  ring  visible  all  round  (*  Observatory,  vol.  vii. 
p.  85),  and  there  was  an  undoubted  difference  in  brightness  of  the  dusky  ring  at- 
the  two  ansffi.  This  observation  seems  to  be  similar  to  that  of  Mrs.  Manora. — 
Eds.] 
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visible  on  the  2nd,  6th,  and  8th  inst.)  about  o"-io-o"*i5.     (I  need 

not   mention  that  the  Manora  division  is  not  identical  with  the 

Struve  division.)  Tours  faithfully, 

Manora  Obsenratorj,  Lussinpiccolo,  Leo  BuBNlOffi,. 

1897,  June  17. 


OBSEKVATORIES. 

Royal  Obsebvatoey,  Geeenwich. — The  Annual  Visitation  took 
place  on  June  5,  and  with  the  exceptions  of  Lord  Lister  and 
Capt.  Abney,  who  has  been  elected  a  Visitor  in  place  of  the  late 
3M!r.  Stone,  the  complete  Board  of  Visitors  attended  to  receive  the 
-Astronomer  Eoyal's  Eeport,  from  the  various  sections  of  which 
"fche  following  information  is  extracted.  The  period  covered  is 
:froni  1896  May  11  to  1897  ^^7  ^o  inclusive. 

Transit  Circle. — The  number  of  observations  of  transits  made 

'^ras  1 1,963,  of  zenith  distance  10,42 1.    The  latter  number  includes 

509  observations  of  stars  by  reflexion  and  643  of  nadir-point.    The 

stnnual  catalogue  for  1896  contains  3454  stars.     The  discordance 

"between  the  reading  for  nadir-point  as  determined  by  reflexion  star 

observations,  and  by  observations  of  the  reflected  horizontal  wire, 

"which  has  been  comparatively  large  since  1892,  was  larger  in  1896, 

sind  this  led  to  an  examination  of  the  screws  of  the  microscope 

micrometers  and  of  the  telescope  micrometer,  and  to  a  re-deter- 

inination  of  the  division  errors  used  for  the  nadir  observations.   The 

use  of  these  new  errors,  and  the  deduced  corrections  to  the  value 

of  one  revolution  of  the  telescope-micrometer  screw  at  the  end  of 

its  range,  diminished  the  discordance  to  —  o"'34.      A  remarkable 

fact,  which  is,  however,  given  with  some  hesitation  as  to  its  validity, 

IB  that  the  reading  for  the  nadir-point  is  different  as  determined 

at  different  times  of  day. 

The  correction  for  E— D  agrees  closely  with  the  value  given  in 
1895.  The  correction  to  the  tabular  obliquity  of  the  ecliptic  is 
-o"'o7. 

Altazimuth. — The  total  number  of  places  of  the  Moon  observed 
with  this  instrument  was  55,  or  4*4  per  lunation.  The  new  Alt- 
azimuth has  given  considerable  trouble  in  its  construction  and  is 
now  not  finished.  At  first  a  flexure  in  the  axis  had  to  be  corrected 
by  means  of  a  strong  diaphragm  in  its  central  part,  and  quite 
recently  Mr.  Simms  has  detected  an  unexpected  source  of  error. 
Owing  to  the  method  of  grinding  the  pivots,  they  have  a  slight 
tendency  to  act  as  screws  on  the  bearings  and  so  draw  together 
the  standards  which  support  the  instrument.  This  difficulty  has 
now  been  overcome  and  it  is  confidently  hoped  that  work 
this  instrument  will  be  shortly  begun. 

The  Thompson  Equatorial. — This  instrument,  presented  by 
Thompson  and  made  by  Sir  Howard  Q-rubb,  has  been  mom 
the  top  of  the  Physical  Observatory  under  the  Lassell  Doioe. 


284 


Observatories. 


[No.  255.  _  ,S5. 


mountiDg  is  of  the  GU^rman  form,  but  permits  complete  circiim 
polar  motion,  and  is  such  that  no  reversal  is  necessary  at 
meridian.     At  one  end  of  the  declination  axis  is  the  photographic^:^ 
telescope  of  26  inches  aperture  and  22  feet  6  inches  focal  lengthy 
the  i2|  Merz,  formerly  the  telescope  of  the  Great  Equatorial,  whiclJ"-;: 
is  usea  as  a  guiding  telescope,  and  the  Thompson  9-inch  photo- 
heliograph.     At  the  other  end  of  the  axis  there  is  a  Cassegrai 
reflecting  telescope  of  30  inches  aperture,  the  mirror  of  which  wi 
ground   under  the  direction  of   Dr.  Common,  with    the  6-incr 
Hodgson  telescope  as  guider.     The  position  of  the  polar  axis 
been  adjusted,  experimental  photographs  of  stars  have  been  taken 
to  determine  the  proper  separation  of  the  lenses  and  the  position 
of  the  focus,  and  also  some  satisfactory  photographs  of  the  Moo 
both  in  the  primary  focus  and  with  a  secondary  magnifier, 
photographic  spectroscope  has  been  provided,  and  since  the  da 
of  the  Eeport  has  been  mounted  at  the  back  of  the  mirror 
the  Cassegrain.     A  prism  will  be  used  to  reflect  the  rays  into  i 
collimator  of  the  spectroscope. 

The  28-inch  Equatorial   has  been   used  almost    continuous 
throughout  the  year  for  micrometric  measures  of  double  stars  an^ 
the  dimensions  of  the  planetary  systems.     For  a  short  period  th 
instrument  was  used  for  photographing  double  stars,  the  cro 
lens  being  reversed  for  this  purpose.    The  record  of  work  with  t 
Astrographic  Equatorial  is  summed  up  by  saying  that  135  success 
plates  have  been  taken  for  the  Chart,  and  no  for  the  Catalogue 
which  completes  almost  half  of  the  Chart  plates  and  rather  mo 
than  two-thirds  of  the  Catalogue  plates  of  the  Greenwich  sectio 

The  Sun-spot  record  has  been  continued  as  in  previous  yea: 
Supplemented  by  photographs  from  India  and  Mauritius,  pho 
graphs  are  available  for  360  days  out  of  366. 

No  spectroscopic  work  has  been  done  during  the  year. 

Magnetic  and  Meteorological  Branch. — It  has  been  determin 
that  a  pavilion  to  contain  the  instruments  for  determination 
absolute  magnetic  elements  shall  be  built  in  the  Park,  but  at  suc^ 
distance  from  the  Observatory  that  the  results  may  be  unaffected 
the  masses  of  iron  which  necessarily  exist  in  the  instruments 
structures  of  the  parent  building.     Much  consideration  has  be^^ 
given  to  the  selection  of  a  site  for  this,  and  a  place  has  been  chos^^- 
to  the  east  of  the  Observatory. 

A  curious  idiosyncrasy  has  exhibited  itself  in  the  Campbell-Sto" 
Sunshine  recorder.      It  was  pointed  out   by  Mr.  Marriott  th- 
comparison  of  the  sunshine  record  at  Greenwich  with  those  ma 
at  Kew,  and  at  Bunhill  Eow  in  the  City,  showed  that  the  amo 
of  sunshine  registered  at  Greenwich  had  been  gradually  diminishi 
during  the  last  six  years.     The  suspicion  that  this  was  due  to 
defect  in  the  glass  has  been  proved  to  be  correct  by  making  a  recc^ 
with  a  new  ball  side  by  side  with  the  old  one,  when  the  defect 
the  old  ball  was  quite  apparent. 

The  mean  temperature  of  the  year  1896  was  50°' 1,  being  o 
above  the  average.     The  rainfall  for  the  year  ending  1897  April 
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was  26*83  inches,  being   2*29  inches  above  the  average.       The 
number  of  rainy  days  in  the  twelve  months  w^as  178. 

The  rating  of  British  and  Indian  Government  chronometers  has 
been  continued  as  hitherto,  as  well  as  the  trials  of  chronometers 
and  deck  watches  sent  in  by  makers. 

ILoYAL  Obsbbvatoby,  Capb  of  Good  Hope. — Dr.  Gill's  report 
for  the  year  1896  opens  with  a  reference  to  the  McClean  telescope 
and  the  observatory  to  contain  it.  The  building  is  finished,  and 
the  dome  put  on  so  far  as  is  possible  until  the  heavy  metal  castings 
of  the  telescope  pier  are  put  in  their  places.  The  machinery  of 
the  hydraulic  rising  floor  is  in  process  of  erection  *.  Delay  has 
occurred  in  the  construction  of  the  telescope,  but  Dr.  Gill  expects 
that  the  whole  installation  will  be  completed  and  in  working  order 
by  the  end  of  1897. 

The  Director's  policy  during  recent  years  has  been  to  limit  the 
number  of  observations  made  with  the  transit-circle  in  order  to 
cope  with  the  arrears  of  reduction  and  publication.  During  1896 
it  has  been  possible  to  actively  resume  meridian  work,  but  re- 
stricting this  to  night-work  only.  The  Sun  has  not  been  observed 
nor  the  planets  by  day.  9000  transits  have  been  observed  during 
the  year,  and  8677  determinations  of  zenith-distances  made,  which 
speaks  highly  for  the  energy  of  the  observers.  86  phenomena  of 
occultation  of  stars  (including  Venus)  by  the  Moon  have  been 
observed  during  the  year,  and  this,  except  for  the  photographs 
taken  with  the  astrographic  telescope,  is  the  total  of  the  observing 
work.  Fifty-five  plates  have  been  taken  for  the  Astrographic 
Catalogue,  and  244  for  the  Chart,  besides  220  for  determination  of 
stellar  variability  and  for  other  purposes.  The  Catalogue  plates 
are  now  all  taken,  but  many  of  these  will  have  to  be  replaced,  on 
account  of  paucity  of  stars  shown.  Of  the  244  Chart  plates,  174 
have  been  passed  as  satisfactory.  This  completes  nearly  half  the 
Bumber  allotted  to  the  Cape  Observatory.  26  Catalogue  plates 
have  been  measured  completely,  each  by  two  observers. 

Mr.  Innes,  who  is  Secretary  and  Librarian  of  the  Observatory, 
has  also  undertaken  observations  with  the  7-inch  equatorial  with 
much  success.  He  has  examined  218  stars  of  a  list  given  as 
missing  on  the  plates  of  the  Cape  Photographic  Durchmusterung, 
and  has  proved  8  of  these  to  be  new  variables,  and  has  otherwise 
accounted  for  the  absence  of  the  others.  He  has  also  discovered 
104  new  double  stars.  Three  new  double  stars  have  also  been 
detected  by  the  transit-circle  observers. 

The  arrears  of  publication  are  being  steadily  cleared  off.  The 
Q-eodetic  Survey  of  South  Africa  '  and  vol.  i.  of  the  *  Photographic 
Durchmusterung,'  which  have  been  published  during  the  year, 
3ave  already  been  noticed  in  these  pages.  Vol.  ii.  of  Dr.  Gill's 
^olar  Parallax  work  is  ready  for  distribution,  and  vol.  i.  is  far 
idvanced,  as  is  also  the  second  volume  of  the  *  Durchmusterung.' 

*  The  Eeport  is  dated  1897,  Januury  15. 
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A   Cape    lo-year  Catalogue  of  3007  stars  for  equinox  1890  is 
promised  shortly. 

Dr.  Gill  notes  that  the  Governing  Authorities  have  favourably 
considered  his  proposals  for  an  increase  of  staff  and  for  the 
provision  of  a  reversible  transit -circle,  and  trusts  that  these 
proposals  will  soon  be  carried  into  effect. 


TJi^iVEBSiTY  ObsebvatobYjOxfoed. — The  Eeport  of  the  Savilian 
Professor  to  the  Visitors,  for  the  twelve  mouths  ending  1897, 
May  31,  relates  mainly  to  the  Astrographic  Catalogue,  which  i» 
the  staple  work  of  this  Observatory. 

Not  many  plates  have  been  taken  during  the  year,  as  it  is  at 
present  considered  more  expedient  to  concentrate  the  energy  on 
the  measurement  and  reduction.  By  help  of  a  grant  of  money 
from  the  Eoyal  Society,  Prof.  Turner  has  been  able  to  employ  four 
or  five  computers,  who  have  been  engaged  in  measuring  plates 
during  a  considerable  portion  of  the  year.  The  number  now 
completely  measured  is  155  out  of  1180.  Besides  this  a  con-' 
siderable  amount  of  reduction  has  been  effected;  in  fact  it  is 
estimated  that  about  one-fifth  of  the  whole  work  is  done,  and  it  is 
not  unlikely  that  the  Catalogue  may  be  completed  by  May  1901. 

Prof.  Turner  is  putting  into  actual  reality  the  proposals  for  a 
photographic  transit  circle,  which  he  laid  before  the  Astronomical 
Society  in  March  last.  The  twelve-inch  mirror  presented  by 
Dr.  Common  will  be  an  essential  part  of  the  instrument,  which,  i£ 
successful,  will  be  used  for  determining  the  places  of  the  funda- 
mental stars  for  the  reduction  of  the  Astrographic  Catalogue. 

The  general  impression  that  the  Eeport  gives  the  reader  is  that 
the  University  Observatory  needs  a  good  deal  of  money  spent  on 
it,  both  for  structural  improvements  and  for  instruments.  Som^ 
thing  appears  to  have  been  done  by  way  of  repairing  roofs  and 
domes  and  internal  decoration,  but  these  repairs  are  evidently  only 
temporary.  Last  year  the  Board  of  Visitors  approved  a  proposal 
that  a  house  should  be  attached  to  the  Observatory ;  but  the 
University  authorities  have  not  seen  their  way  to  carry  this 
into  effect.  The  writer  of  this  note,  who  has  wasted  much  time  and 
energy  in  walking  fruitlessly  from  home  to  telescope  on  semi- 
cloudy  nights,  can  quite  understand  the  Director's  disappointment 
at  the  rejection  of  his  plan,  which  was  one  not  entailing  much  cost 
to  the  University. 
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Habvabd  College  Anbtals,  Vol.  XXVIII.,  Pabt  I.  Spbctba 
OF  Bbight  Stabs. — The  work  before  us,  another  of  the  long  series 
published  by  Prof.  Pickering,  contains  the  results  of  the  examina- 
tion of  4800  photographs  which  represent  the  spectra  of  681  of 
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the  brightest  stars  north  of  Dec.  -30°.  Prof.  E.  0.  Pickering 
assigaed  this  work,  which  forms  part  of  the  Henry-Draper 
Memorial,  to  Miss  Antonia  C.  Maury  in  1888,  and  we  con- 
gratulate her  on  the  completion  of  a  most  important  and  interesting 
research. 

The  telescope,  11  inches  aperture  and  153  inches  focal  length, 
was  made  primarily  for  visual  work,  but  it  can  be  adapted  for 
photography  by  the  addition  of  another  lens.  The  spectra  are 
obtained  by  objective  prisms,  of  which  there  is  a  battery  of  four, 
so  arranged  that  any  combination  of  them  can  be  placed  before  the 
object-glass.  Generally  speaking  the  length  of  exposure  was  one 
hour,  and  the  spectrum  between  He  3970  and  H/3  4861  was  8*o 
cm.  when  the  four  prisms  were  used,  and  2*0  cm.  when  only  one 
was  used. 

To  determine  many  of  the  wave-lengths  of  the  lines  in  the 
typical  spectra,  the  solar  spectrum  was  photographed  with  the 
same  telescope,  using  the  15 -inch  Draper  reflector  as  a  colHmator. 
As  the  classification  of  the  spectra  must  to  some  extent  be  de- 
pendent on  the  appearances,  as  well  as  on  the  positions,  of  the 
spectral  lines,  care  was  necessary  in  differentiating  between  the 
appearances   due  to  faulty  focal    adjustment,  over-  or  under- 
exposure, or  of  the  appearances  of  lines  characteristic  of  particular 
stars,  and  from  this  cause  it  was  sometimes  necessary  to  examine 
a  considerable  number  of  good  photographs  before  a  satisfactory 
decision  as  to  the  proper  place  of  a  spectrum  in  the  classification 
could  be  arrived  at.     This  classification,  which  is  done  in  the  most 
exhaustive  way,  is  too  elaborate  to  describe  closely  within  the 
limits  of  this  short  review,  but  an  idea  of  it  may  be  formed  from 
the  table  which  we  have  copied  later.     The  stars  were  arranged  in 
€1,    progressive   series  of  twenty-two   groups.      The   first   group 
c^ontains  stars  of  the  most  pronounced  Orion  type ;  the  next  four 
contain  stars  which  may  also  be  considered  as  Orion  star^,  and  the 
^;roups  which  follow  similarly  contain  in  order  stars  of  the  five 
Xisual  spectrum  types  or  stars  whose  spectra  may  be  considered 
intermediate  to  these.     But  as  this  system  of  grouping  appeared 
inadequate  to  represent  all  cases,  parallel  columns  were  added  in 
>?i^hich  the  stars  of  each  group  were  distributed  in  "  divisions  " 
csommon  to  each  group  atcording  to  the  criteria  described  next 
::ffollowing.     The  chief  division,  a,  includes  355  stars,  of  which 
XLone  of  the  single  lines,  that  is  lines  which  cannot  be  resolved 
into  pairs  or  groups  by  increasing  the  dispersion,  are  relatively 
^jiride,  except  those  of  hydrogen  and  calcium,  e.  g.  a  Lyrse,  a  Canis 
IMin.,  the  Sun,  a  Bootis.     Division  b  includes  those  stars  in  which 
"the  lines  are  relatively  wide  and  hazy,  a.  g.  Ursse  Maj.,  j3  Aurigse, 
«i  Aquilse,  a  Leonis,  5  Orionis.     In  division  c  the  hydrogen  lines 
»pe  narrow  and  well  defined,  the  Orion  hues  are  also  narrow 
«nd  well  defined,  the  calcium  lines  are  more  intense,  the  system 
of  metallic  lines  contains  some  apparently  not  coincident  with 
waij  lines   of  the  solar  spectrum.      In  general  the  spectra  in 
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division  c  have  lines  narrow  and  of  a  atrongly-defined  cliaracter, 
those  in  division  b  have  very  wide  lines,  while  those  of  a  are  inter- 
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Spectra  n'hich  might  be  aesigned  either  to  a  or  6  are  found  in 
column  ab.  Peculiar  spectra,  and  such  as  might  belong  to  any 
division,  will  be  found  in  column  p,  while  B.C.  indicates  the 
classification  in  the  Draper  Catalogue  (Vol.  iivii.  '  Annals  of 
Harvard ').  "  "While  it  will  be  genenilly  admitted  that  the  series 
■represents  successive  stages  in  stellar  evolution,  it  may  still  be 
doubted  whether  the  arrangement  beginning  with  the  Orion  type, 
and  here  adopted,  is  in  fact  the  natural  order.  It  is  strongly 
indicated,  however,  by  the  gradual  falling  off  of  the  more  refrwi- 
gible  rays  in  the  successive  groups,  by  the  corresponding  increase 
in  the  lesa  refrangible  rays,  and  by  the  occurrence  of  marked 
absorption  at  the  close  of  the  series.  The  comparative  simplicity 
of  the  OrioQ  spectra  and  the  increasing  complexify  shown  through- 
out the  aeries  lend  additional  weight  to  the  argument.  Finally, 
the  prevalence  of  the  Orion  type  in  great  nebulous  regions,  as  in 
Orion  and  the  Pleiades,  indicates  I'ery  emphatically  that  stars  of 
this  type  are  in  an  early  stage  of  development." 

Stars  designated  by  the  letter  e  seem  to  combine  features  of 
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widely  different  types,  the  most  common  being  where  a  spectrum 
of  the  second  or  third  type  is  associated  with  a  hydrogen  spectrum 
that  is  characteristic  of  the  first  type.  Some  of  these,  such  as 
y  Andromedae  and  31  Cygni,  are  known  doubles,  and  the  strong 
resemblance  suggests  that  these  anomalous  spectra  may  in  general 
be  those  of  close  doubles.  In  these  spectra  the  K-line  appears^ 
either  unduly  narrow  or  overspread  with  a  peculiar  haziness,  due 
probably  to  the  presence  of  an  additional  star,  having  a  spectrum 
belonging  to  some  group  earlier  in  the  series.  It  is  also  signifi- 
cant that  in  such  spectra  the  first  type  characteristics  predominate 
in  the  ultra-violet,  the  second  or  third  type  in  the  green  and  blue. 
This  is  exactly  what  would  happen  if  two  spectra  of  the  first  and 
second  type  were  superposed.  Perhaps  the  most  beautiful 
examples  of  the  composite  type  are  (  Aurigaj  and  B  SagittsB^ 
which  combine  the  Orion  type  with  the  third  and  first  types 
respectively.  Each  group  and  division  is  then  treated  of  in 
detail  and  full  tables  given,  with  copious  notes  to  each  star.  Ta 
make  the  whole  as  complete  as  possible  a  general  or  working 
catalogue  is  added,  with  the  stars  arranged  in  order  of  E.A.,  with 
references  to  their  numbers  in  the  Harvard  Photometry,  Baily'ft 
Plam steed,  and  the  Bonn  or  Cordoba  Durchmusterung.  Purther 
columns  give  the  group  and  division  and  reference  to  remarks  in 
the  present  volume. 

With  this  catalogue  one  naturally  expected  to  have  exhausted 
the  contents ;  but  evidently  thoroughness  has  been  the  leading 
idea,  for  we  find  an  additional  six  pages  devoted  to  "helium" 
lines,  the  recent  discovery  of  which  precluded  reference  to  these  in 
the  main  body  of  the  work.  If  this  discovery  had  been  made 
earlier  the  plan  of  the  classification  might  have  been  altered,  and 
some  of  the  conclusions  might  have  been  modified.  No  less  do  we 
congratulate  Miss  Maury  on  the  observational  work  on  which  her 
Tesults  depend,  than  on  the  way  the  results  are  discussed  and 
presented.  The  introductory  Chapter  I.  is  a  brief  but  inteUigible 
essay  on  stellar  spectroscopy. 


Peom  a  posthumous  paper,  entitled  "  an  Account  of  an  Investi- 
gation by  the  late  Joseph  Baxendell,  P.E.S.,  &c.,  as  to  Short-period 
Cyclical  Changes  in  the  Magnetic  Condition  of  the  Earth,  and  in 
the  Distribution  of  Temperature  on  its  Surface,"  recently  read 
before  the  Liverpool  Astronomical  Society,  we  learn  that  the 
author  in  the  course  of  an  investigation  of  the  irregularities  in  the 
changes  of  some  of  the  variable  stars — having  been  induced  "to 
regard  it  as  highly  probable  that  the  light  of  the  Sun,  and  also  its 
magnetic  and  heating  powers,  might  be  subject  to  variations  of  a 
more  complicated  nature  than  had  been  hitherto  supposed,  and 
that,  besides  the  changes  which  are  indicated  by  the  greater  or  les& 
frequency  of  solar  spots,  others  of  a  minor  character,  and  occurring 
in  shorter  periods,  might  also  take  place," — undertook  a  laborious 
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discussion  of  a  series  of  magnetical  observations  made  at  the 
Imperial  Observatory  of  St.  Petersburg  and  of  several  series  of 
thermometrical  observations  from  various  observatories  with  a  view 
of  detecting  these  minor  changes.  It  appeared  to  Mr.  Baxendell 
to  be  established  from  this  investigation  that  the  period  of  cyclical 
change  of  the  element  involved  exhibited  a  variation,  diminishing 
gradually  for  a  series  of  years  and  afterwards  gradually  increasing, 
to  diminish  again  after  it  had  completed  it«  cycle  of  change,  the 
maximum  and  minimum  values  of  the  period  being  respectively  31 
and  23 1  days,  and  it  was  at  once  inferred  that  this  variable  period 
vras  in  some  way  connected  with  and  dependent  upon  the  solar 
spot  period,  the  minimum  value  occurring  in  the  year  of  minimum 
frequency  of  solar  spots  and  vice  versa. 

These  facts  being  established,  the  author  propounded  the 
following  views  which  he  considered  might  explain  them,  viz. : — 

(i)  *'  That  a  ring  of  nebulous  matter  exists  differing  in  density 
or  constitution  in  different  parts,  or  several  masses  of  such  matter 
forming  a  discontinuous  ring,  circulating  round  the  sun  in  a  plane 
nearly  coincident  with  the  plane  of  the  ecliptic,  and  at  a  near 
distance  from  the  Sun  of  about  one-sixth  of  the  radius  of  the 
Earth's  orbit.'' 

(2)  "  That  the  attractive  force  of  the  Sun  on  the  matter  of  this 
ring  is  alternately  increased  and  diminished  by  the  operation  of 
the  force  which  produces  the  solar  spots,  being  greatest  at  the  times 
of  minimum  solar  spot  frequency,  and  least  when  the  spots  are 
most  numerous." 

(3)  "  The  attractive  force  being  variable,  the  dimensions  of  the 
ring  and  its  period  of  revolution  round  the  Sun  will  also  vary, 
their  maximum  and  minimum  values  occurring  respectively  at  the 
times  of  maximum  and  minimum  solar  spot  frequency." 

The  theory  is,  that  this  ring  acts  not  only  by  reflecting  and 
absorbing  a  portion  of  the  light  and  heat  which  would  otherwise 
reach  the  Earth,  but  also  by  altering  the  direction  of  the  lines  of 
magnetic  force. 

We  give  this  theory  not  because  it  is  supported  by  any  evidence 
so  strong  as  such  a  hypothesis  would  seem  to  require,  but  merely 
as  the  expression  of  an  idea  similar  to  one  which  occurred  to 
Leverrier  as  a  reason  for  the  excess  in  the  motion  of  the  peri- 
helion of  Mercury,  but  which  results  from  a  perfectly  different  line 
of  thought.  We  see  also  from  the  paper  before  us  that  the  late 
Dr.  Joule  had  expressed  a  favourable  opinion  of  Mr.  Baxendell's 
hypothesis. 

This  account  was  communicated  to  the  Liverpool  Astronomical 
Society  by  the  son  of  the  author,  Mr.  Joseph  Baxendell,  who  is 
now  the  official  meteorologist  to  the  Southport  Corporation.  He 
has  lately  sent  us  his  Eeport  of  the  Eernley  Meteorological 
Observatory  for  1896,  with  the  results  of  observations,  which  give 
evidence  of  much  care  and  completeness. 
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NOTES. 

Comet  Notes. — '  Bulletin  Astrononiique  '  for  May  contains  a 
-comparison  by  M.  Schulhof  of  the  observations  of  Denning's  Comet 
{1894  I.)  with  the  places  computed  from  different  systems  of 
elements.  He  regards  his  fourth  system  of  elements  (given  in 
Ast.  Nach.  3276)  as  the  most  accurate  yet  published,  but  as 
capable  of  some  further  adjustment.  He  does  not  regard  the 
theory  that  this  comet  is  a  fragment  of  Brorsen's  as  a  probable 
one.  It  w^ould  be  necessary  to  suppose  a  shock  sufficiently  great 
to  alter  the  inclination  of  the  orbit  by  24°,  and  to  increase  the 
velocity  from  4*7  to  6*6  miles  per  second. 

M.  Coniel  gives  a  search  ephemeris  of  Swift's  Comet  (1889  VI.) 
in  the  same  publication.  He  recently  found  that  the  most 
probable  period  of  this  Comet  was  8^9  years,  but  with  a  probable 
error  of  0*9  years  either  way.  He  makes  several  different  assump- 
tions as  to  the  date  of  the  next  perihelion  passage  and  gives  corre- 
sponding ephemerides.  As  an  abridgment  of  these  would  be  of 
little  use,  those  who  wish  to  search  for  the  Comet  should  refer  to 
the  original  paper. 

Ast.  Nach.  3427  contains  a  useful  series  of  observations  of 
Comet  1897  I.  (Perrine),  made  by  Mr.  John  Tebbutt  at  "Windsor, 
N.S.W.  They  range  from  1897  Feb.  23  to  April  20.  The 
Comet  did  not  become  so  bright  as  was  anticipated,  and  on  April  20 
it  was  of  the  last  degree  of  faintness,  in  spite  of  a  clear  sky. 

A.  CD.  C. 


Obittjabt. — Alvan  G.  Claek  *.  Prof.  Alvan  Gr.  Clark,  maker 
of  the  most  famous  lenses  of  telescopes  in  the  world,  died  in  his 
home  here  (Cambridge,  Mass.)  to-day.  Apoplexy  was  the  cause 
of  his  death.  He  had  been  ill  for  several  months,  but  had 
journeyed  to  Chicago  to  direct  the  placing  of  the  great  lens  he  had 
made  for  the  Terkes  Observatory.  The  fatigue  of  the  journey 
prostrated  him,  but  it  was  expected  that  he  would  recover. 

Prof.  Clark  was  an  American  of  the  ninth  generation.  He  was 
a  direct  descendant  in  the  male  line  of  the  Thomas  Clark  who  was 
mate  of  the  Mayflower.  His  father  founded  the  house  of  Alvan 
Clark  and  Sons,  telescope- makers,  when  he  w^as  forty  years  old. 
Up  to  that  time  the  elder  man  had  been  a  portrait-maker,  and  his 
work  as  an  artist  is  to-day  celebrated  for  likeness  and  perfect 
finish. 

Alvan  G.  Clark  was  born  in  Pall  Eiver,  Mass.,  on  July  10, 1832. 
He  was  educated  in  the  public  schools  of  Cambridge,  whence  the 
family  had  moved.  When  twenty  years  of  age  he  was  taken  into 
partnership  with  his  father  and  brother.  He,  too,  as  a  boy,  showed 
an  aptitude  for  everything  requiring  keen  vision  and  exactness. 
He  was  also  deeply  interested  in  astronomy  while  still  at  school, 

*  From  the  *  New  York  World/  June  10,  1897. 
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and  gained  prizes  for  treatises  on  castiog  and  grinding  specular 
He  has  carried  on  the  business  since  the  death  of  his  father  and 
brother,  and  under  him  Clark  and  Sons  has  achieved  its  greatest 
fame. 

While  testing  lenses  long  ago  the  senior  Clark  discovered 
several  double  stars,  and  when  completing  an  1 8-inch  glass  for  the 
Chicago  Observatory  Alvan  Q-.  turned  his  glass  upon  Sirius  and 
found  a  companion  to  that  star.  For  this  discovery  he  was 
awarded  the  Lalande  medal  by  Prof.  Chacornac  of  the  French 
Academy  of  Sciences.  Numerous  other  astronomical  discoveries,, 
including  sixteen  double  stars,  followed,  and  the  fame  of  the  Clarks- 
was  increased  by  the  sale  of  telescopes  in  Europe  and  America.' 

The  first  order  received  by  the  firm  for  a  big  lens  to  be  used  in 
this  country  was  in  i860  for  an  i8|-glass  for  the  University  of 
Mississipi.  Another  came  in  1862  for  a  glass  for  the  Astro- 
nomical Society  of  Chicago,  and  it  was  with  this  glass  that  Alvan 
G.  sighted  the  companion  to  Sirius. 

When  the  Clarks  had  proved  that  efficient  instruments  of  more 
than  two  feet  aperture  could  be  made,  the  attention  of  Congress 
was  called  to  the  deficiency  in  the  National  Observatory  at 
Washington,  which  contained  nothing  better  than  an  ancient 
Munich  refractor  of  9^  inches.  In  1870  a  bill  was  passed  by 
Congress  authorizing  the  superintendent  to  contract  for  a  telescope 
of  the  largest  size  of  American  manufacture.  The  aperture  agreed 
on  was  twenty-six  inches,  and  the  contract  was  awarded  the  Clarks, 
It  proved  difficult  to  obtain  glass  of  this  size,  and  it  was  a  year 
before  the  rough  disks  could  be  had  from  Paris.  The  glass  arrived 
in  December,  1871 ;  the  pohshing  was  completed  in  October,  1872. 
The  whole  instrument  was  ready  for  observation  in  November, 
1873.  The  Clarks  received  $46,000  in  gold  for  it.  Some  of  the 
other  glasses  constructed  by  the  firm  were  the  12-inch  for  the 
Victoria  University,  12^-inch  for  Morrison,  i5|-inch  for  Wis- 
consin, 1 6 -inch  for  Warren  Observatory,  i8|-inch  for  North- west 
University,  20-inch  for  Denver,  23-inch  for  Princeton,  26-inch  for 
Virginia,  30-inch  for  Eussia,  and  36-inch  for  the  great  Lick 
Observatory  of  California.  This  last  lens  was  at  the  time  the 
largest  in  the  world. 

After  the  Lick  the  next  great  telescope  to  come  from  the 
workshop  of  Alvan  G.  Clark  was  one  ordered  many  years  ago  by 
Charles  T.  Yerkes,  of  Chicago,  for  the  University  of  Chicago. 

This  was  originally  intended  for  the  University  of  Southern 
California.  When  the  great  Lick  telescope  was  set  up  the  people 
of  Southern  California  immediately  resolved  not  to  be  outdone,  and 
determined  to  place  a  still  larger  one  on  the  summit  of  Wilson's 
Peak,  near  Los  Angeles.  The  boom  in  that  section  of  the  country 
was  then  at  its  height,  and  the  money  was  quickly  subscribed- 
The  glass  disk  was  obtained  from  Paris,  and  to  the  Clarks  was 
given  the  order  for  the  lenses.  But  meantime  the  boom  died 
out,  and  the  subscriptions  were  not   paid.     Prof.  Hale,  of  the 
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Kenwood  Observatory,  of  the  University  ef  Chicago,  recommended 
Mr.  Yerkes,  a  patron  of  the  university,  to  purchase  the  disk. 

The  objective  lens  for  this  telescope  is  40  inches  in  diameter  and 
3*6  through  at  the  thickest  part.  Its  cost  vi^as  flBi 00,000.  It  was 
the  largest  undertaking  of  the  kind  ever  known,  and  Mr.  Clark 
worried  greatly  over  it.  "When  it  was  delivered  he  said  he  felt  as 
if  he  had  been  relieved  of  a  crushing  load.  The  conveyance  of  the 
lens  to  the  observatory  was  to  him  a  soiu'ce  of  much  anxiety. 

The  lens  was  wrapped  in  flannel  and  cotton  batting  and 
then  packed  in  a  box  padded  with  curled  hair.  This  box  was 
fixed  on  springs  and  the  precious  freight  was  shipped  in  a  parlour 
car.  Less  than  ten  days  ago  Mr.  Clark  returned  from  the  trip 
West,  and  to  some  of  his  friends  he  said  he  intended  to  retire  from 
business. 

He  was  the  only  surviving  member  of  the  famous  firm.  Three 
married  daughters  survive  him,  his  son,  who  was  expected  to  carry 
on  the  famous  work,  having  died  in  childhood. 

Alexakdee  Fbbbman. — The  Eev.  Alex.  Freeman,  Eector  of 
Murston,  near  Sittingboume,  died  on  June  12  last  from  heart 
disease,  after  suffering  from  bad  health  for  four  years  past. 
Mr.  Freeman  was  born  on  1838,  January  28,  and  after  being 
educated  at  Merchant  Taylors'  School  entered  at  St.  John's  College, 
Cambridge,  in  1857,  of  which  foundation  he  was  elected  a  Scholar. 
He  was  Fifth  Wrangler  in  1861,  and  in  February,  1862,  won  the 
Chancellor's  Gold  Medal  for  legal  studies.  He  was  elected  Fellow 
of  his  College  in  1862  May,  and  took  his  M.A.  degree  in  1864. 
Though  Mr.  Freeman's  chief  work  in  life  was  associated  with  the 
Church,  he  did  much  astronomical  and  scientific  work  of  a  high 
order.  He  was  Examiner  for  the  Mathematical  Tripos  in  1874 
and  1875;  he  acted  as  deputy  for  the  Plumian  Professor  of 
Astronomy  at  Cambridge  from  1880  to  1882 ;  he  translated  and 
compiled  an  EngHsh  edition  of  Fourier's  '  Mathematical  Theory  of 
Heat,'  and  added  to  it  many  valuable  original  notes ;  and  recently 
brought  out  a  new  edition'  of  Cheyne's  '  Planetary  Theory.'  To 
the  '  Monthly  Notices '  of  the  Eoyal  Astronomical  Society,  of 
which  he  was  elected  a  Fellow  in  1864,  he  contributed  various 
papers  on  different  subjects,  and  he  has  also  made  contributions  to 
this  magazine.  He  was  for  some  time  the  Director  of  the  Saturn 
Section  of  the  British  Astronomical  Association  ;  but  had  to  give 
up  this  work  on  account  of  failing  health.  It  may  be  added, 
as  evidence  of  his  attainments,  that  on  the  resignation  of  the 
late  Mr.  Stone  from  the  Directorship  of  the  Cape  Observatory, 
Mr.  Freeman  was  spoken  of  as  not  unlikely  to  be  his  successor. 

Mr.  Freeman  has  been  Eector  of  Murston  since  1882,  and  was 
also  Eural  Dean  of  Sittingboume.  He  leaves  a  widow  and  four 
young  children. 

Akminio  Nobile. — ^We  are  also  informed  of  the  death  of 
Prof.  A.  Nobile,  Second  Astronomer  in  the  Eoyal  Observatory  of 
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Capodimonte,  Naples.  Besides  in  the  work  neoessary  to  his  official 
position,  Prof.  Nobile  chiefly  occupied  himself  in  astronomy  as  ap- 
plied to  geodesy,  and  has  published  many  papers  on  determinations 
of  longitude  and  latitude.  He  was  Professor  of  Geodesy  in  the 
University  of  Naples.  He  has  also  made  researches  on  double  and 
multiple  star  systems,  published  chiefly  in  the  '  Transactions '  of 
the  Naples  Academy  and  in  the  '  Astronomische  Nachricten/ 
where  will  also  be  found  papers  by  him  on  instrumental  adjust- 
ments and  general  practical  astronomy. 

Prof.  Nobile  died  on  1897  June  12,  aged  59. 

Eablt  Cometaby  KyowLUDGB. — M.  Gustavo  Eavene  sends  us 
the  following  from  Paris  : — "  Searching  in  the  National  Library 
for  some  ancient  mathematical  facts,  I  had  occasion  to  refer  to 
the  '  Mishnab,'  and  consulted  the  Babylonian  Talmud.  Beading 
more  than  my  immediate  purpose  required,  I  came  upon  a  passage 
where  the  Eabbi  Josua  (ist  century  a.d.)  spoke  of  a  star  which 
appeared  every  70  years.  In  a  letter  by  Bapoport,  which  forms 
the  preface  to  a  Hebrew  work  by  Stominsky,  the  statement  is 
made  that  Babbi  Josua  calculated  the  return  of  Halley's  comet. 

''  Of  course  the  fact  of  the  calculation  is  out  of  the  question,  but 
it  is  not  improbable  that  the  periodicity  was  recognized,  for  the 
following  reasons : — 

"Halley's  comet  appeared  in  b.o.  12,  the  Herodian  date  noted 
for  the  rebuilding  of  the  Temple. 

'*  The  appearance  of  a.d.  66  was  contemporaneous  with  the 
beginning  of  the  Jewish  war  and  the  destruction  of  Jerusalem. 
This  must  be  the  appearance  which  was  noted  by  the  Babbi  Josua. 

"  The  chief  compiler  and  editor  of  the  Mishnab  was  born  about 
A.D.  140,  and  an  appearance  of  Halley's  comet  in  the  year  a.d.  141 
has  been  established  without  doubt.  Likewise  it  must  have 
appeared  in  215-217  a.d. 

"  Then  it  is  not  impossible  that  Seneca's  remark  concerning  the 
path  of  comets  was  known  to  any  of  the  great  Jewish  Babbis,  and 
that  they  noted  the  regularity  of  the  four  above  appearances. 
This  is  only  of  interest  as  a  curiosity.  The  fact  of  periodicity 
being  recognized  does  not  give  any  claim  to  great  astronomical 
knowledge.'*  __«_ 

Vaeiation  of  Latitude. — Dr.  Chandler's  ingenious  theory  of 
the  motion  of  the  Earth's  axis  of  rotation  within  the  Earth  itself, 
while  not  yet  accepted  with  absolute  certainty,  is  nevertheless 
annually  receiving  additional  support  from  observational  evidence. 
It  will  be  remembered  that  Dr.  Chandler  asserts  that  the  north 
pole  of  the  Earth  moves  round  the  circumference  of  a  long 
and  narrow  ellipse  in  365  days.  The  axes  of  the  ellipse  are 
respectively  o"*3o  and  o"*o8,  and  the  major  axis  lies  along  a 
meridian  45^  east  of  the  Greenwich  meridian.  Combined  with 
this  the  pole  moves  in  a  circle  of  radius  o"*i2  in  a  period  of  427 
days.  The  combination  of  these  two  motions,  which  sometimes  act 
in  the  same  direction  and  at  other  times  oppose  one  another,  causes 
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;he  pole  to  move  in  a  complicated  cur\  e,  as  may  be  seen  by  reference 
x>  our  number  for  1895  ^arch,  where  was  reproduced  a  diagram  by 
Dr.  Chandler  showing  the  motion  of  the  pole  deduced  from  obser- 
vations during  the  period  1890-3,  with  a  continuation  predicting  the 
notion  up  to  the  middle  of  1895.  It  is  obvious  that  a  comparison 
>f  the  observed  position  of  the  pole  during  the  eighteen  months 
trom  1894*0  to  1895*5  ^^^  *^^8  prediction  will  be  valuable 
evidence  for  or  against  the  truth  of  the  hypothesis.  In  a  recent 
number  of  the  'Astronomical  Journal'  (no.  402),  Dr.  Chandler 
has  an  article  on  the  subject  in  which  he  says  that  comparisons  of 
this  kind  that  he  has  made  have  confirmed  his  previous  deductions 
as  to  the  nature  of  this  motion,  and  have  not  furnished  any 
material  improvement  of  the  numerical  elements,  and  he  gives  an 
illustration.  Taking  as  data  for  discussion  observations  made  at 
Blasan,  Potsdam,  Kailsruhe,  and  Strassburg  in  Europe,  and  Beth- 
lehem and  Columbia  in  America,  he,  assuming  that  his  previously 
determined  value  of  the  42  7 -day  circular  motion  is  correct,  deduces 
the  elements  of  the  annual  elliptic  motion.  In  the  following  table 
the  first  three  Unes  give  elements  previously  published  deduced 
from  observations ;  the  last  two  lines  give  elements  deduced  from 
the  data  now  discussed : — 


1890  April  II  . . . . 

0 
44-7 

0-309 

0*112 

1892  April  I     .... 

Si-4 

0*311 

0*054 

1893  March  27  . .  . . 

23*4 

0*289 

.  0*082 

1894  March  27. .  . . 

58-1 

0*244 

0*141 

1895  April  4    .... 

34-6 

0*368 

0*046 

Where  T  is  the  date  when  the  pole  of  figure  is  at  its  maximum 
distance  from  the  pole  of  rotation,  i.  e.  when  it  is  at  the  end  of  the 
major  axis,  a  and  b  the  major  and  minor  axes,  and  w  the  direction 
of  the  major  axis.  

JuBiLBE  HoNouES. — In  the  distribution  of  honours  on  the  recent 
historic  occasion  astronomers  have  had  their  share.  The  Astronomer 
Eoyal  has  been  created  a  Companion  of  the  Bath ;  Dr.  Huggins 
and  Prof.  Lockyer  are  now  Knights  Commanders  of  the  same 
Order ;  and  a  representative  of  navigational  astronomy  in  the 
person  of  Admiral  Wharton,  H.M.  Hydrographer,  is  also  now 
entitled  to  add  K.C.B.  to  his  name.  May  we  offer  our  congratu- 
lations to  all  these  distinguished  gentlemen  ? 

At  the  Eoyal  Society  Conversazione  on  June  16,  the  function 
where  the  costumes  of  the  men  for  once  rivalled  those  of  the  ladies 
in  brilliancy,  the  astronomical  exhibits  did  not  by  any  means 
receive  the  least  attention.  One  of  the  three  lectures  given  was 
by  Prof.  Lockyer,  who  described  the  arrangements  made  for 
observing  the  Solar  Eclipse  of  August  1896,  with  a  mechanical 
lantern-slide,  showing  the  different  phenomena  of  the  eclipse  and 
the  appearance  of  the  corona  as  it  would  have  been  seen  if  only 
the  ^ouds  had  allowed  at  Yaranger  Fiord.    The  photographs  of 
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the  Moon  taken  with  the  Thompson  telescope,  exhibited  by  the 
Astronomer  Eoyal,  also  came  in  for  a  large  share  of  attention, 
and  some  pictures  from  the  Paris  *  Photographic  Atlas  of  the  Moon ' 
were  also  shown.  

The  Lick  Obseevatoet. — It  is  generally  well  to  allow  a  con- 
siderable margin  for  exaggeration  in  newspaper  accounts  of  astro- 
nomical matters,  so  we  write  this  note  without  expressing  any 
opinion  as  to  the  accuracy  of  the  information.  We  have  had  sent 
us  a  copy  of  the  'San  Francisco  Chronicle,'  dated  1897,  May  23, 
which  contains  a  racy  article,  the  gist  of  which  is  that  the  3-foot 
reflector  which  Mr.  Crossley,  of  Halifax,  presented  to  the  Lick 
Observatory  in  May  1895,  has  turned  out  to  be  rather  a  white 
elephant.  The  newspaper  prefers  to  call  it  a  *'  bone  of  contention." 
The  facts  seem  to  be  that  the  Director,  Prof.  Holden,  thinks  this 
instrument  should  be  used,  and  has  instructed  one  of  his  assistants 
to  use  it.  The  Assistant,  on  the  other  hand,  does  not  feel  inclined 
to  tackle  what  he  considers  an  antiquated  and  difficult  to  manage 
instrument  and  to  neglect  work  which  is  more  congenial  to  him. 
The  Assistant  is  supported  by  his  colleagues  in  this  view,  and 
most  of  these  gentlemen  have  taken  the  opportunity  each  to  air 
his  own  personal  grievance  in  the  columns  of  the  newspaper. 
80  there  is  civil  war  on  the  top  of  Mount  Hamilton,  and  the 
Regents  of  the  Observatory,  have  had  to  make  an  enquiry. 

The  Yeekes  Obseevatoet. — We  hear  from  Prof.  Wadsworth 
of  a  very  unfortunate  accident  at  the  Terkes  Observatory.  Only 
a  few  days  after  the  40-inch  lens  had  been  put  in  place,  one  side 
of  the  rising-floor  broke  loose  from  its  supports  and  fell  to  the 
ground,  being  completely  wrecked.  Fortunately  this  happened 
when  no  one  was  on  the  floor,  otherwise  some  lives  would  certainly 
have  been  lost,  as  the  floor  when  it  fell  was  at  its  highest  position, 
nearly  50  feet  from  the  ground.  This,  to  the  great  disappoint- 
ment of  all  the  staff,  will,  it  is  thought,  prevent  the  large  telescope 
being  used  for  some  time,  although  the  repairs  to  the  floor  will  be 
pushed  on  as  rapidly  as  possible. 


Dotjble-stae  Measijees. — Recently  published  observations  of 
double  stars  will  be  found  in  'Ast.  Jour.,'  No.  397.  Prof.  H. 
S.  Pritchett,  whom  we  are  glad  to  know  is  again  at  work  with  the 
micrometer,  contributes  a  series  of  measures  made  with  the 
i2|-inch  telescope,  of  the  Morrison  Observatory  (Glasgow,  Mis- 
souri) during  the  summer  of  1896.  There  is  also  a  series  in  the 
same  number  made  by  Prof.  W.  J.  Hussey  at  Lick,  some  with  the 
12 -inch  and  some  with  the  36-inch. 


A  TELEGEAM  from  Mr.  Douglass,  of  the  Lowell  Observatory, 
dated  May  27,  stated  that  "  the  third  satellite  of  Jupiter  rotates 
in  yd  5»».i -1-1^.2."  This  is  nearly  the  same  as  the  length  of  its 
period  of  rotation  about  the  planet.  It  has  been  announced  later 
that  Mr.  Douglass  comes  to  a  similar  conclusion  as  to  the  fourth 
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satellite.  It  may  be  remembered  that  the  suggestion  that  the 
periods  of  rotation  and  of  revolution  of  these  satellites  are  the 
same  is  said  to  have  been  first  made  by  Sir  W.  Herschel,  and 
resulted  from  observation  of  variation  of  their  brightness  when  in 
different  parts  of  their  orbit. 

A  ouEious  paragraph  about  an  observation  of  the  Moon  has 
been  going  the  round  of  the  papers.  Somebody  in  Worcestershire 
said  that  on  the  night  of  Tuesday,  June  15^  at  9.30,  he  saw  across 
the  Moon  three  black  bars  like  boards,  and  also  that  there  was  seen 
a  projecting  ball  of  light,  something  like  a  crown.  A  commentator 
on  this  makes  the  facetious  but  obvious  suggestion  that  the  Jubilee 
is  being  celebrated  in  our  satellite,  and  that  the  three  boards  are 
part  of  a  stand  for  spectators. 

AsTBONOMEES  wiU  be  interested  to  know  that  Mr.  Henry 
Frowde  has  recently  published  '  Tables  for  facilitating  the  Com- 
putation of  Star-Constants,'  by  the  late  Mr.  E.  J.  Stone,  M.A., 
F.B.S.,  modified  and  revised  by  H.  H.  Turner,  Savilian  Professor  of 
Astronomy  in  the  University  of  Oxford.  Prof.  Turner  claims  to 
effect  a  considerable  saving  of  time  by  the  modifications  he  has 
introduced. 

Theee  will  be  an  Annular  Eclipse  of  the  Sun  on  July  29,  of  but 
little  interest.  •  The  line  of  central  eclipse  lies  almost  wholly  in 
the  Ocean. 

The  portrait  of  the  late  Mr.  Stone,  which  forms  the  Frontis- 
piece to  this  number,  is  from  a  photograph  by  Messrs.  Maull  and 
Fox.  

From  an  Oxford  Note-Book. 

Probably  no  thrilling  event  has  less  connexion  with  Astronomy 
than  the  celebration  of  the  60th  year  of  Her  Majesty's  reign, 
commonly  called  the  Diamond  Jubilee.  Various  devices  for 
introducing  it  into  these  notes  with  an  air  of  legitimacy  have 
presented  themselves,  only  to  be  dismissed  as  hopeless.  I  even 
took  some  scribbling  paper  with  me  on  June  22,  in  the  hope  that 
the  Royal  Procession  itself  might  inspire, — by  anticipation 
perhaps :  but  nothing  came  df  it.  It  only  remains  to  say,  a  propos 
of  nothing  at  all,  that  the  whole  affair  was  successful  beyond 
belief,  for  although  I  ;5?ras  there  myself  and  saw  it,  I  am  still 
troubled  with  curious  vague  doubts  whether  everything  could  have 
passed  off  so  superbly  as  it  seemed.  The  very  completeness  of  the 
success  involved  a  certain  lack  of  iocident,  which  becomes  apparent 
on  scanning  the  columns  of  this  morning's  paper.  Doubtless  it  is 
better  so  ;  and,  taking  the  hint,  we  may  pass  on  to  other  matters. 
But  such  events,  bringing  others  in  their  train  as  they  will,  are 
not  conducive  to  orderly  arrangement  of  thought :  and  I  must 
beg  for  some  consideration  this  month. 


Bu!r  Astronomy  and  the  Jubilee  are  not  altogether  dissociated ; 
though  we  may  trust  that  the  honours  bestowed  on  the  Astronomer 
Eoyal,  on  Sir  W.  Huggins,  and  on  Sir  J.  N.  Lockyer  are  due  more 
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to  merit  than  to  occasion.  I  would  venture  humbly  to  join  in  the 
congratulations  of  the  editors  elsewhere  expressed ;  and  to  call 
attention  to  the  utterance  of  the  '  Standard/  which  on  the 
eventful  morning  remarked,  "  The  Companionship  of  the  Bath, 
which  falls  to  Mr.  W.  H.  M.  Christie,  the  Astronomer  Eoyal,  is 
no  doubt  an  earnest  of  higher  honours  in  the  future." 

REJOioiN^e  in  England  has  been  nearly  simultaneous  with 
weeping  in  India.  I  have  no  accounts  of  the  terrible  earthquake 
beyond  those  furnished  by  the  daily  papers,  but  the  story  they  tell 
is  serious  enough.  There  also  seems  to  have  been  a  severe  shock 
of  earthquake  in  South  Australia  on  May  ii.  From  a  newspaper 
kindly  sent  me  by  Sir  Charles  Todd,  it  is  to  be  gathered  that 
"  every  one  was  much  more  frightened  than  hurt " ;  but  con- 
siderable damage  was  done  to  buildings.  Perhaps  the  following 
extracts  may  interest  those  who  have  not  seen  Australian  papers  : — 

"  South  Australia  experienced  a  considerable  shaking-up  on 
Monday  afternoon,  when  the  most  severe  earthshock  ever  known 
in  the  colony  upset  the  equilibrium  not  only  of  the  people  but  of 
the  houses  from  one  end  of  the  colony  to  the  other.  It  was  just 
twenty-six  minutes  past  two  when  the  earth  began  to  move,  and 
instantly  there  was  the  wildest  excitement  in  the  city.  Buildings 
developed  a  swinging  motion,  chimneys  rocked  to  and  fro,  bells 
rang,  chandeliers  rattled,  the  pavements  shivered,  and  people  fled 
into  the  streets  in  a  state  of  wild  alarm.  The  sensation  was  felt 
for  fully  two  minutes,  and  not  a  few  superstitious  folk  thought 
the  end  of  the  world  had  come." 

"  The  Government  Offices,  where  some  hundreds  of  men  are 
employed,  presented  an  unwonted  spectacle  a  few  seconds  after 
the  earthquake  passed  over.  When  the  tremor  began  the  electric 
bells  with  which  Ministers  and  heads  of  departments  communicate 
with  their  subordinates  were  set  ringing  incontinently  as  though 
an  impatient  Premier  were  pressing  each  one  of  them,  but  for  once 
the  summons  to  the  presence  of  authority  was  disregarded.  The 
clerks  really  got  out  more  quickly  than  they  do  at  half-past  four 
every  day,  when  their  alotted  day's  work  is  done.  They  had  some 
reason  to  be  alarmed,  especially  in  the  old  Government  Offices,  for 
plaster  was  shaken  down  from  several  parts  of  the  ancient  walls, 
and  in  one  room  at  the  top  of  the  building  a  mass  of  documents 
neatly  bound  in  the  insignia  of  the  service — red  tape — came  to  the 
floor  with  a  crash.  Some  of  the  Civil  servants  who  made  their 
way  to  the  pretty  quadrangle  were  in  time  to  see  the  water  in  the 
large  central  fountain  tossing  as  though  a  hurricane  had  swept 
over  its  surface,  which  is  never  ruffled  by  the  winds  that  blow 
outside  the  Government  Offices.'' 


But  the  last  month  has  brought  news  of  a  mishap  which 
concerns  astronomy  more  nearly  than  an  earthquake.  Whatever 
may  be  the  merits  of  rising-floors,  they  do  not  seem  to  include 
absolute  safety  for  the  observer.  A  letter  from  the  Yerkes 
Observatory  tells  of  an  accident  which  was  fortunately  unattended 
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with  personal  injuries,  but  might  have  been  a  disaster  of  the  first 
magnitude.  The  rising-floor  fell  from  nearly  the  top  of  its  run 
(45  feet)  and  smashed  itself  badly,  so  that  it  will  probably  be 
nearly  a  year  before  work  with  the  telescope  can  be  again  com- 
menced. That  there  was  no  one  on  the  floor  and  even  that  the 
great  telescope  itself  was  uninjured,  are  things  to  be  devoutly 
thankful  for.  I  have  not  heard  details  and  do  not  know  what 
may  be  implied  by  "  Barnard  and  Ellerman  just  escaping,"  but  one 
does  not  like  to  think  of  the  possibilities.  The'  occasion  seems  to 
demand  at  least  one  scape-goat,  and  it  is  to  be  hoped  for  the  sake 
of  the  future  that  the  fullest  details  will  be  made  public. 

With  regard  to  the  note  last  month  concerning  the  "  adaptation 
of  formulas  to  logarithmic  computation, "  I  am  happy  to  have  re- 
ceived from  such  an  experienced  computer  as  Mr.  W.  Ellis  the 
following  note : — 

"  I  was  much  interested  in  reading  the  note  in  the  June  number 
of  the  Observatory,  p.  259,  calling  in  question  the  supposed  saving 
of  labour  by  the  use  of  adaptations  of  formulas  to  logarithmic 
computation.  In  trigonometrical  calculations  in  which  I  have 
been  free  to  employ  such  methods  as  I  thought  best,  I  have 
frequently,  in  years  long  past,  used  the  fundamental  formulas  in 
preference  to  employment  of  the  artifice  of  an  auxiliary  angle.  As 
is  pointed  out  in  the  case  cited,  and  as  I  have  on  numerous 
occasions  experienced,  the  real  saving  in  adopting  the  latter  course 
is  doubtful,  besides  which  there  seems  to  be  a  greater  simplicity  in 
the  fundamental  formulae.  1  confess  that  I  never  bad  the  courage 
to  suggest  to  others  that  they  should  follow  my  example ;  it 
seemed  too  awful  a  thing  to  presume  to  say  that  the  accepted 
methods  of  text-books  had  not  always  the  advantages  that  appeared 
to  be  claimed  for  them."         __^.^ 

Thebe  is  another  row  on  Mount  Hamilton.  The  case  is  still 
iuhjudice;  or,  at  least,  no  decision  has  reached  us  on  this  side  of 
the  Atlantic,  and  comments  on  the  merits  of  the  case  would  be 
accordingly  ill-timed.  But  it  seems  to  be  no  secret  that  the 
disturbance  centres  round  the  3-foot  reflector  which  Dr.  Common 
used  to  such  good  purpose  as  to  get  the  Gold  Medal  in  1884 ; 
which  was  then  acquired  by  Mr.  Crossley  of  Halifax,  who  covered 
it  with  a  beautiful  dome ;  and  which  was  presented  by  him  a  year 
or  two  ago  to  the  Lick  observatory,  where  it  has  become  a  bone  of 
contention.  The  Director  wants  it  used,  and  "  the  other  astro- 
nomers— and  on  this  the  seven  are  a  unit— declare  that  it  is  worth 
only  $2  500,  is  as  antiquated  in  its  mounting  as  Noah's  ark,  and 
has  never  proved  its  value  to  science.  It  is  said  that  only  one 
photograph  has  ever  been  taken  with  it,  and  that  away  back  in 
the  seventies."  •        

Is  it  wrong  to  reprint  such  remarks  in  a  scientific  magazine  ? 
When  read  in  the  San  Francisco  Chronicle  they  can  be  properly 
discounted ;  but  for  setting  them  down  here,  there  should  he  a 
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special  reason.  I  hope  the  one  I  advance  may  he  found  sufficient. 
I  have  seen  something  of  the  subsequent  history  of  a  good  many 
instruments  accounted  first  rate  in  their  time,  and  it  is  melancholy 
enough  to  enlist  our  sympathies.  Why  should  the  Derby-winner 
end  his  days  between  the  shafts  of  a  four-wheeler?  Are  we 
modern  astronomers  entirely  devoid  of  sentiment  ?  No  doubt  we 
are  going  ahead  pretty  fast  just  now,  but  record-breaking  is  a  poor 
pursuit  if  we  have  no  respect  for  the  records  broken.  We  can  see 
now  it  may  be  said  of  the  telescope  which  in  1883  revealed  nebular 
structure  photographically  to  the  dehghted  astronomical  world — 
how  it  may  be  said  in  a  moment  of  irritation  in  1897  that  "  only 
one  photograph  has  ever  been  taken  with  it,  and  that  away  back  in 
the  seventies  " ;  and  we  can  even  find  excuses  for  a  man  "  entirely 
iaexperienced  with  the  instrument,"  who  "  gave  it  as  his  opinion 
that  the  mounting  of  the  reflector  would  have  to  be  changed 
before  it  could  be  used  " ;  but  we  cannot  but  sincerely  regret  that 
the  instrument  has  been  subjected  to  such  unsympathetic  criticism. 
When  Lassell  had  done  his  work  with  his  big  reflector  he  broke  it 
up.  Dr.  Common  has  often  told  me  this,  and  I  am  pretty  sure  he 
wishes  h^  had  done  the  same ;  otherwise  I  should  not  dare  to 
write  so  explicitly.  But  the  opportunity  for  preaching  is  too 
valuable  to  be  lost.  One  is  pretty  certain  to  get  oneself  thoroughly 
disliked  by  half-a-dozen  people ;  but  then  there  is  the  chance  that 
by  speaking  out  one  may  save  some  epoch-making  instrument 
from  ignominy.     I  think  it  is  worth  risking. 

Some  weeks  ago  Mr.  McClean  slipped  away  from  the  Council 
meetings  of  the  E.  Ast.  Soc.  with  a  brief  though  most  courteous 
apology ;  and  probably  very  few  know  where  he  is  at  this  moment. 
As  a  matter  of  fact  he  is  at  the  Cape  Observatory.  He  has  been 
for  the  last  year  or  two  photographing  the  spectra  of  the  bright 
stars  in  the  northern  hemisphere  with  a  magnificent  objective- 
prism  placed  in  front  of  a  1 3-inch  telescope  0%  the  Astrographic 
Chart  pattern  at  his  house  in  Tunbridge  Wells,  and  by  this  spring 
had  completed  all  down  to  the  3rd  magnitude.  The  large  angle  of 
the  prism  gave  spectra  of  a  beauty  hitherto  unequalled.  During 
his  visit  to  England  last  year  Dr.  Gill  invited  Mr.  McClean  to 
complete  the  survey  of  the  whole  sky  by  taking  the  prism  to  the 
Cape  and  placing  it  in  front  of  the  existing  Astrographic  instru- 
ment ;  and  the  invitation  was  gratefully  accepted.  Mr.  McClean 
left  England  on  May  i,  and  his  many  friends  will  be  glad  to  hear 
that  he  has  arrived  safely  and  is  hard  at  work.  He  finds  the  sky 
better  even  than  he  hoped,  and  had  25  photographs  of  a  dozen 
stars  in  the  first  fortnight.  We  may  join  heartily  in  wishes,  not 
only  for  the  success  of  his  work,  but  that  he  may  see  the  arrival 
of  the  fine  instrument  which  he  has  presented  to  the  Cape 
Observatory.  

Mat  we  tender  our  best  wishes  to  Trof .  Foerster  of  Berlin,  on 
the  occasion  of  the  approaching  marriage  of  his  daughter  Huldft 
with  Dr.  8.  Heckscher? 
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THE  BEITISH  ASTEONOMICAL  ASSOCIATION. 

The  concluding  meeting  of  the  current  session  of  the  British 
Astronomical  Association  was  held  at  Essex  Hall,  Essex  Street, 
Strand,  on  Wednesday,  June  30,  Mr,  N,  E,  Green,  F,R,A.S„, 
President,  in  the  Chair. 

The  election  of  five  new  Members  of  the  Association  was  con- 
firmed, and  thirteen  Candidates  for  Membership  were  passed  for 
suspension. 

Mr,  E,  W.  Maunder  read  a  paper  on  the  "  Umbral  Protrusion  of 
Sun-spots,"  by  Mr,  F,  K,  McDonall,  of  the  New  South  Wale& 
Branch.  The  writer  stated  that  during  the  past  three  years 
153  spots  exhibiting  the  phenomenon  of  umbral  protrusion  had 
come  under  his  notice,  and  these  he  had  divided  into  various 
classes  or  groups  in  which  the  umbrae  had  presented  some 
similarity  of  appearance.  Of  the  153  spots,  108  were  observed  at 
ingress  and  48  at  egress.  ;  The  entering  spots  presented  the 
appearance  in  a  much  more  clearly-defined  manner  than  the 
others.  The  umbral  protrusion  was  also  observable  in  spots  in  all 
latitudes,  and  there  appeared  to  be  a  subsidence  or  falling  in  of 
the  umbrsB  previous  to  the  disintegration  of  a  spot.  The  con- 
clusion that  Mr.  McDonall  had  arrived  at  was  that  the  phenomenon 
was,  in  some  cases  at  any  rate,  objective. 

Copt.  Noble  said  that  the  paper  just  read  had  a  peculiar 
interest  for  him,  because  it  seemed  to  arrive,  by  an  altogether 
different  mode  of  procedure,  at  the  same  result  as  his  friend 
Mr.  Jenkinson,  who  had  been  working  in  the  same  direction  for 
a  long  period,  had  reached.  He  thought  that  Mr.  Jenkinson's 
drawings  were,  without  exaggeration,  the  most  beautiful  he  had 
ever  seen,  and  he  (Mr.  Jenkinson)  had  arrived  at  the  conclusion 
that  the  form  of  a  sun-spot  in  section  was  that  of  a  lunar  crater. 
.  In  reply  to  Miss  Brown,  Mr.  Maunder  said  he  believed 
that  Mr.  McDonall  observed  by  direct  vision. 

Caj^t,  Steele  remarked  that  he  looked  upon  sun-spots  as  purely 
atmospheric  pheiiomena^  b^ing -somewhat  similar  to  the  typhoons 
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and  cyclones  of  the  tropics.  He  wished  to  know  whether  sun- 
spots  had  ever  been  observed  in  high  latitudes. 

Mr.  Maunder  said  he  should  agree  perfectly  with  what 
Capt.  Noble  said  was  Mr.  Jenkinson's  idea  of  a  sun-spot,  if  only 
it  were  put  on  a  different  scale.  He  supposed  that  the  average 
depth  of  a  sun-spot  would  be,  perhaps,  from  one-hundredth  to 
one-thousandth  of  its  diameter,  whilst  a  lunar  crater  would  be 
from  one-tenth  to  one-thirtieth.  But  when  allowance  was  made 
for  this  difference  in  scale,  the  average  form  of  the  two  did,  he 
thought,  show  a  resemblance ;  in  the  centre  there  was  a  con- 
vexity of  the  bottom  of  the  sun-spot,  which  might  in  certain 
cases  rise  above  the  level  of  the  ordinary  photosphere.  The  work 
upon  which  he  had  been  engaged  at  Greenwich,  the  photographic 
record  of  sun-spots,  was  not  one  which  brought  out  the  feature  of 
umbral  protrusion  at  all  well,  because  near  the  edge  of  the  Sun 
the  photographic  intensity  fell  off  very  considerably,  and  as  the 
exposures  were  necessarily  regulated  so  as  to  give  the  best  general 
result,  spots  near  the  limb  were  apt  to  be  poorly  defined. 
Mr.  McDonalFs  paper  was,  so  far  as  he  was  aware,  quite  a  fresh 
contribution  to  the  literature  on  the  subject,  and  they  had  there- 
fore every  reason  to  be  grateful  to  him  for  bringing  it  forward. 

Mr.  Petrie  read  a  paper,  contributed  to  the  Jupiter  Section  by 
Mr.  C.  F.  Smith  of  the  Edinburgh  Branch,  on  "  The  Appearance 
of  Jupiter  during  the  i8g6  and  1897  Apparition."  Mr.  Smith 
said  that  Jupiter's  disc  had  presented  an  exceedingly  interesting 
aspect,  and  changes  appeared  to  have  been  rapid  and  considerable. 
The  South  Equatorial  Belt  had  been  strong  and  broad,  the  edge 
bordering  the  Equatorial  Zone  showing  many  light  and  dark 
markings  and  occasionally  faint  wisps.  The  Belt  has  shown  the 
usual  brown  colour,  sometimes  having  a  reddish  tinge.  The 
shoulder  following  the  Great  Bed  Spot  had  been  dark  and  well 
marked.  The  Eed  Spot  had  not  been  seen,  its  place  being  marked 
by  a  very  light  colour. 

Mr.  J.  D.  Hardy  suggested  that  the  Bed  Spot  might  be  some- 
what similar  to  our  Sahara  Desert.  That  desert  was  a  dry  region 
with  a  cloudy  region  all  round  it,  and  probably,  viewed  from 
Yenus,  would  have  somewhat  the  same  appearance  as  the  Bed 
Spot  as  seen  from  the  Earth. 

Lord  Hampton  said  that  it  had  been  stated  in  the  Journal  that 
the  Bed  Spot  had  been  seen  of  a  brick-red  colour  by  an  observer 
in  Australia  during  the  same  period. 

Capt.  Nolle  remarked  that  the  suggestion  as  to  the  Bed  Spot 
being  a  desert,  presupposed  that  the  surface  of  Jupiter  itself  is 
seen,  which  he  did  not  for  a  moment  believe.  If  Ju|»iter  were  not 
red  hot,  it  was  at  any  rate  a  great,  deal  hotter  than  any  placft  hit 
would  Hke  to  live  in.  He  had  seen  the  shadow  Qf  one  of  the 
satellites  as  a  bright  chocolate  colour,  which  he  took  to  indicAte 
that  the  planet  wasi  t&  som&  extent  seM-Jhinunous^ 

Mr.  Newbegin  said.  iit.  suiat  mot.  be  iGUgottesOi  tluA  the.  Bed  l8po4 
had  been  visible  for  something  like  twenty  years. 
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Mr.  Maunder  added  that  the.  Red  Spot  came  under  observation 
:5n  1877  or  1878,  but  there  was  good  reason  for  thinking  that  it 
^^as  an  old  form  that  had  appeared  again,  and  that  it  had  been 
«een  by  Cassini  some  200  years  ago. 

Mr,  Holmes  said  that  it  was  an  entire  assumption  that  Jupiter 
^was  red  hot. 

Mr.  E,  B.  Hicks  asked  whether  a  satellite  or  a  shadow  of  a 
dsatellite  had  been  observed  to  pass  over  the  Eed  Spot. 

Mr.  Davis  said  he  had  seen  and  sketched  both  Satellite  III.  and 
its  shadow  on  the  Eed  Spot.  He  thought  there  was  evidence  that 
the  red  spots  were  connected  with  the  more  permanent  matter  of 
the  planet. 

Mr.  Hardy  said  he  did  not  intend  to  imply  that  the  spot  was  a 
desert,  but  simply  that  it  was  a  cloudless  region  with  a  cloudy 
T^on  round  it. 

The  President  remarked  that  a  great  variety  of  colour  was  one  of 
the  first  things  that  a  keen  eye  for  colour  would  notice  in  making 
drawings  of  Jupiter.  As  a  result  of  many  years'  observation  of 
Jupiter,  he  thought  there  was  very  strong  evidence  for  thinking 
that  the  general  body  of  the  planet  when  free  from  surface 
markings  of  a  white  nature  was  of  a  warmish  tint. 

Mr.  Corder  said  he  had  records  of  observations  of  about  the 
period  referred  to  by  the  President  when  the  Equatorial  Belt  of 
Jupiter  was  exceedingly  red. 

Mr.  Petrie  read  a  note  by  Mr.  MacEwan  on  "  The  Canals  of 
Venus."  He  had  forwarded  a  tracing  of  Mr.  Lowell's  latest  chart 
of  Venus  to  Mr.  Foulkes  at  Malta,  and  that  gentleman's  reply 
was  a  complete  confirmation  of  Mr.  Grriffiths's  recent  observations. 

Mr.  Griffiths  sketched  on  the  blackboard  a  marking  recently 
observed  by  him,  which  had  been  confirmed  independently  by 
Eev.  T.  Phillips.  In  reply  to  Capt.  Noble  he  said  that  he  had 
never  been  able  to  detect  the  shghtest  change  in  the  markings 
which  might  be  due  to  rotation  of  the  planet. 

Ca'pt,  Noble  said  he  was  driving  at  the  question  of  rotation, 
because  if  Mr.  Holmes  had  been  Correctly  reported  in  the  Journal, 
be  appeared  to  think  that  both  the  people  who  believed  in  the  long 
period  and  those  who  believed  in  the  short  period  of  rotation  were 
right. 

Mr.  Thwaites  mentioned  that  some  time  since  he  was  observing 
Venus  together  with  Mr.  E.  W.  Maunder  and  Mr.  Newbegin,  and 
they  had  all  three  seen  a  marking  in  nearly  the  same  position  as 
that  shown  by  Mr.  Griffiths,  but  it  was  not  nearly  so  distinct  and 
was  very  diflPused. 

Mr.  Mawnder  said  he  could  quite  confirm  what  Mr.  Thwaites 

liadsaid. 

Mr.  Petrie  announced  that  Mr.  Tyson  Crawford  (**Dollond")  had 
promised  a  2-inch  transit  instrument  for  the  proposed  Observatory 
in  the  gardens  of  the  Boyal  Botanical  Society. 

The  Association  then  adjourned  "until  the  last  VTednesday  in 
October. 

2o2 
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The  Great  Meteoric  Shower  of  November, 

[Continued  from  p.  277.] 

The  heights  of  the  meteors  range  from  about  90  to  50  miles,^but 
these  limits  are  sometimes  exceeded.  Prof.  Newton  concluded 
that  the  average  heights  of  the  Leonids  are  greater  than  those  of 
the  Perseids,  for  he  found  values  of  <)6*2  to  60*8  miles  for 
the  former,  and  69*9  to  56*0  miles  for  the  latter.  Prof.  Newcomb 
in  1867  determined  the  mean  height  of  9  Leonids  as  from  102  to 
47  miles.  The  writer  at  Bristol  found  a  mean  height  of  85  to 
54  miles  for  6  Leonids,  and  of  8t  to  51  miles  for  15  Perseids.  Of 
the  6  Leonids  5  were  observed  in  1896  as  follows  : — 


Height 

Height 

Telo- 

Date.       O.M.T. 

Mag. 

at  first. ' 

at  end. 

Path. 

city. 

Badiant. 

Places  of  observation. 

h   m 

miles. 

miles. 

miles. 

miles. 

0       0 

1896  Nov.  14. •  13  54 

>i 

95 

51 

85 

63 

ii-Q  4-22 

Slough  and  Cardiff. 

14...  14    i| 

n 

85 

49 

70 

46 

148  +10 

Slongh  and  Cardiffl 

14...  14  29 

I-* 

92 

55 

60 

•  •  • 

150  +23 

Slough  and  Bridgwater. 

14...  17  27 

i-3» 

100 

7* 

33 

33 

149 +H 

Bristol  and  Bridgwater. 

14-..  17  45 

Z 

75 

50 

29 

58 

150+24 

Slough,  Bristol,  and 
Bridgwater. 

From  the  large  number  of  brilliant  meteors  doubly  observed  in 
1866  it  may  be  interesting  to  quote  a  few  examples  : — 

h  m 
1866  Not.  13...     II  22      Mean  height  60   miles  above  the  surface  of  the 

earth. 

12  4o|    Passed  over  St.  Andrews  in  Scotland.    The  meteor 

consisted  of  3  fragments,  each  as  bright  as  Venus, 
and  left  a  streak  visible  for  8  minutes.  The 
mean  height  was  about  50  miles. 

13  8       Fell  from  100  miles  above  Petersfield  to  53  miles 

above  Tiverton,  with  a  flight  of  120  miles.  The 
streak  was  17  miles  in  length,  and  it  remained 
visible  in  a  contracted  form  for  10  minutes. 

14  41       One  of  the  most  brilliant  meteors  of  the  display. 

It  left  a  streak  at  an  altitude  of  64  miles  above 
the  neighbourhood  of  Dundee. 

Prof.  Newton  investigated  the  real  positions  of  several  con- 
spicuous meteors  and  their  streaks  observed  in  1868.  He  was  led 
to  conclude,  from  the  motion  of  the  streaks  and  their  curious 
distortions,  that  a  northward  current  of  air  prevailed  below  an 
elevation  of  54  miles,  and  that  between  this  and  a  height  of 
60  miles  an  air-current  existed  in  motion  towards  the  south,  while 
above  this  again  there  was  a  third  current  moving  in  a  northerly 
direction.  The  double  appearance  of  the  streaks  observed  with  a 
telescope  led  Prof.  Newton  to  conjecture  that  the  meteors  in  sucfci 
cases  were  really  double.  A  better  explanation  may  be,  however, 
that  these  streaks  were  luminous  cylinders  formed  by  the  offrush  of 
exhausted  material  from  the  meteors  during  their  combustion,  for 
it  is  evident  that  such  a  process  would  give  an  apparently  duplex 
form  to  the  streaks  as  observed. 
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Minor  Showers  contemjporary  with  the  Leonids. 

These  are  very  numerous  and  always  make  their  presence  felt 

-aduring  watches  for  the  chief  display.    This  is  especially  the  case 

"when   the     Leonids   are   only  weakly  represented.      When   an 

-endeavour  is  being  made  to  determine  the  horary  number  of  the 

latter  it  is  desirable  to  consider  the  minor  radiants  and  to  separate 

the  true  Leonids  from  the  streak-leaving  meteors  belonging  to  other 

radiants  in  the  same  region  of  the  sky.     Many  observers  count 

-every  meteor  proceeding  from  the  general  direction  of  Leo  as 

necessarily  a  Leonid,  and  thus  the  horary  rate  is  exaggerated.      If 

an  inexperienced  observer  gives  20  as  the  total  number  of  Leonids 

seen  in  an  hour,  the  fair  inference  is  that  not  more  than  15  or  16 

were  true  Leonids.     During  strong  returns  of  the  shower  this 

point  need  not  be  considered,  for  the  minor  streams  can  then 

-exercise  very  little  influence  on  the  results  and  are  relatively 

-obliterated  by  the  great  superabundance  of  Leonids. 

It  is  remarkable  that  in  November  a  large  number  of  meteors 
-diverge  from  radiants  in  Taurus,  Perseus,  and  the  surrounding 
region.  In  fact  during  an  ordinary  year,  when  the  Leonids  are 
not  very  numerous,  there  are  considerably  more  Taurids  and 
Perseids  than  Leonids.  Heis  at  Aix-la-Chapelle  found  from  his 
observations  in  November,  during  the  years  1839  to  1847,  *^** 
out  of  407  meteors  registered,  171  proceeded  from  Perseus  near 
the  star  17,  while  only  83  were  directed  from  Leo.  In  1851 
Schmidt,  of  Bonn,  remarked  that  Perseus  appeared  to  furnish  the 
greater  number  of  meteors  not  only  in  August,  but  throughout 
the  year.  In  order  to  examine  this  conclusion,  the  writer  dissected 
his  own  observations  of  meteors  during  the  years  from  1876  to 
1887  in  November  and  found  that  amongst  an  aggregate  of  1202 
paths  recorded  there  were  156  Taurids,  78  Perseids,  and  88  Leonids. 
The  predominance  of  Taurids  is  very  marked  and  would  appear  to 
iShow  that  they  have  developed  greater  strength  than  formerly  and 
flupplanted  the  numerous  autumnal  Perseids  seen  half  a  century 
ago  by  Heis  and  Schmidt,  who  were  the  early  and  able  pioneers  of 
systematic  observation  in  this  department  of  astronomy. 

The  Taurids  and  Perseids,  so  abundantly  in  evidence  during  the 
month  of  November,  are  never  liable  to  be  mistaken  for  Leonids 
for   several   reasons.     Their  radiants  are  situated  in   a  distant 
quarter  of  the  sky,  and  the  meteors  move  slowly,  often  leaving 
trains,  but  rarely,  if  ever,  displaying  the  phosphorescent  streaks 
of  the  Leonids.     Besides  the  Taurids  and  Perseids  referred  to, 
there  are  many  other  radiants  visible  in  the  southern  and  western 
jsky  in  the  morning  hours  at  the  middle  of  November.    Andro- 
meda,   Cassiopeia,   Aries,  Cetus,   Camelopardus,  and  Auriga  all 
furnish  their  quota  of  feeble  meteoric  showers.     But  it  is  with  the 
i^iants  in  the  same  quarter  as  lico  that  the  observer  is  chiefly 
eoncerned.     These  are  very  likely  to,  and  often  do,  create  con- 
Fusion,  for  the  meteors   present  a  similarity   of  aspect  to  the^ 
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Leonids,  and  their  directions  of  flight  are  often  pretty  accordant- 
with  them.  There  are  showers  near  5  and  r  Cancri,  c,  0,  /jl,  yp,  fr 
€,  and  (  UrssB  Majoris,  (  and  X  Hydrse,  and  x»  't,  r,  and  fl  Leonis, 
with  many  others  outlying.  These  cannot  be  regarded  as  detached 
or  branch  streams  of  Leonids,  for  they  exhibit  a  precision  of 
radiation,  and  are  sufficiently  far  removed  from  the  Sickle,  to 
warrant  their  being  considered  as  distinct  and  separate  systems. 
That  so  many  radiants  are  clustered  in  this  region  of  the  sky  is 
not  at  all  remarkable,  for  we  shall  find  the  eastern  quarter  equally 
rich  in  showers  if  it  is  watched  in  the  mornings  of  August^ 
September,  or  October.  The  radiants  surrounding  the  Leonid 
centre  are  therefore  to  be  considered  as  an  accidental  grouping  of 
positions,  since  it  is  not  by  any  means  special,  but  a  circumstance 
naturally  following  upon  the  very  plentiful  distribution  of  showers 
all  over  the  sky  and  particularly  in  that  region  near  the  apex  of 
the  Earth's  way.  The  latter  is  not,  however,  always  the  most 
prolific,  for  there  are  many  prominent  systems  which  acquire 
their  greatest  activity  at  positions  far  to  the  west  of  that  pai-t  of 
the  ecliptic  towards  which  the  Earth's  motion  is  directed. 

It  may  be  useful  to  give  a  table  of  72  of  the  minor  radianta- 
usually  visible  at  the  epoch  of  the  Leonids  and  deduced  from 
observations  at  Bristol.  Many  other  feeble  showers  exist  at  this- 
period  in  addition  to  those  included  in  the  table.  It  is  believed 
that  the  great  majority  of  these  contemporary  radiants  are 
manifested  every  year,  though  their  richness  in  individual  cases  i^ 
liable  to  variation. 


Radiant-jpoinU  of  Meteoric  Showers ,  November  10-15. 


o        o 
5  +51 S. 
8+36M. 

19+30S. 

20+  8S. 

27  -I-71M.T. 

29  H-37  S.T. 

30  -f  16R. 
32  4-51  M. 
43  +  6  S. 

45  -j-60  M. 

46  +21  S.T. 

48  +43  S. 
50  +  30  S. 

<J3  -f  71  M. 

57-f  18S. 

60  -f-28  S.T. 

60  4"49  ^' 

62  -i-34R. 

63  -I-21  M.T. 


o       o 
64+11  S.T. 

7o-f66M. 

72 -f.  4B. 

73  -1-42  B. 

75+15M. 

77+32M.T. 

79+56B. 
80-I-24S. 

86  +75  M. 

87  +20  M. 
97  -1-29  R. 
99  +44  B. 

102  +73  B. 

103  -I-48  B. 
107  4-II  B. 
107—3  B.K. 
no  4-25  B. 

115  4-84  S. 


o 
120 

121 

124 

*I25 

*I32 

#133 

133 
133 

#136 
*i4i 

H3 

143 
♦146 

♦148 

*i54 

*i54 

*i57 

157 


+15B.K 
±  oB.K. 

4-55  I^K. 
+40B.K. 
+21  B.K. 
-f3iB.K. 
+48  B.K. 
+70  B. 
+  8B.K. 
+  27R.K. 
-I-50R.K. 
+69  B. 
4-  8B.K. 
-12B.K. 
+  12B.K. 
+41  B.K. 
+49  B.E. 
+74  B. 


o 
*i66 

*i66 

170 

177 
178 

184 

190 

191 

194 

200 

213 
213 

238 

262 

277 

284 

315 

338 


+  3B.K. 
4-31  R.K. 

+47  R. 
4-10B.K. 

+34  BK. 

4-25  R.K. 

4-21  R.K, 

4-58  B. 

4-67  B.K, 

+  57  S. 

+  35  S. 

+75  S. 

+49  S. 

4-64  S. 

+78  s. 

+43  S. 
4-60  B. 

+  59  B- 


R.,  Rapid;  S.,  slow;  M.,  moderate  speed;  K.,  streaks;  T.,  trains.  Th» 
radiants  marked  with  an  asterisk  signify  those  supplying  meteors  which  are  verj 
liable  to  be  mistaken  for  Leonids. 
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The  visibility  of  maDy  of  the  showers  given  in  the  list  is  not 
confined  to  a  few  nights  at  the  middle  of  November.  Before  the 
advent  and  after  the  extinction  of  the  Leonid  shower  a  large 
proportion  of  the  minor  systems  appear  to  be  in  distinct  operation. 
For  the  most  part,  however,  they  are  extremely  feeble  and  will 
certainly  escape  observation  unless  the  sky  is  watched  for  long 
periods  and  the  path -records  of  several  nights  combined  for  the 
purpose  of  deriving  the  radiant-points. 

To  the  casual  observer  of  meteors  it  cannot  be  said  that  the 
multitude  of  feeble  showers  possesses  much  significance.  The  great 
majority  of  the  people  who  will  watch  the  anticipated  display 
of  Leonids  during  the  few  ensuing  years  will  do  so  for  the  mere 
gratification  which  such  a  rare  spectacle  must  afPord,  and  will  gaze 
at  it  with  much  the  same  feelings  as  they  regard  a  pyrotechnic 
display  which  terminates  a  fete.  Bat  everyone  who  witnesses  the 
coming  showers  will  be  sure  to  observe  a  few  "  sporadic  "  meteors, 
as  they  used  to  be  called,  and  these  will  arrest  special  attention 
from  the  fact  that  they  present  a  great  dissimilarity  of  direction 
and  speed  to  those  of  the  main  display.  They  will  add  a  certain 
variety  to  the  phenomenon  if  they  do  not  much  affect  its  brilliant 
appearance.  To  the  regular  meteoric  observer  the  minor  showers 
are,  however,  of  intense  interest,  and  they  form  a  detail  which 
cannot  possibly  be  overlooked.  The  difficulty  of  ascertaining 
their  radiants  adds  a  zest  to  theu'  pursuit,  and  many  of  them  have 
been  satisfactorily  determined,  but  a  large  number  of  further 
observations  are  needed  to  enlarge  the  list  and  increase  its 
accuracy. 

Apart  from  the  Leonid  fireballs,  common  to  the  epoch  Nov. 
11-16,  the  period  is  a  memorable  one  for  large  meteors.  The 
latter  belong  to  many  different  showers,  though  the  Taurids 
undoubtedly  claim  a  larger  share  than  any  other  system.  Below 
is  a  list  of  some  of  the  fireballs  seen  at  this  time ;  it  is  by  no 
means  complete,  but  will  sufficiently  prove  that  the  season  is  a 
remarkable  one  for  the  frequency  of  fireballs  : — 

h  m 

1634  Nov.  13 A  large  ball  of  fire  with  a  long  tail  seen  between 

Joachimsthal  and  G-ottesgabe,  Bohemia. 

1761  12... A  larffe  fireball  exploded  with  a  prodigious  noise 

and  set  fire  to  a  house  near  Dijon. 

1 79 1  12...     6  39  A.M.    A  large  meteor  resembling  a   rocket  seen   by 

Lichtenberg  at  Gottingen. 

1799  12...     6     o  A.M.     A  globe  of  fire-appeared  with  a  strong  hissing 

noise  and  finally  exploded. 

1803  13...     8  30  P.M.     A  very  remarkable  fireball  seen  in  England. 

1 81 3  10...     6  40  P.M.    A  large  detonating  meteor  observed  in  Eng- 

land. 

1818  13...     7  15  P.M.    A  fine  meteor  diffusing  a  blue  light  and  accom- 

panied with  sparks  appeared  in  England. 

1819  13...     7    o  P.M.    A  very  extraordinary  globe    of  fire  appeared 

at    Haiti.      Another   seen    in    Bohemia    on 
Nov.  14. 
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h    m 

1820  12...     4    o  P.M.    A  globe  of  fire,  accompanied  with  thunder,  was 

seen  in  the  province  of  Kursk,  Russia. 

1822  II A  globe  of  fire  was  seen  at  Frey berg.     On  Nov. 

12  a  large  shooting-star  at  Potsdam,  and  on 
Nov.  15a  fireball  at  Apenrade. 

1824  13 A  globe  of  fire  observed  at  Mentz. 

1825  14...     8     o  P.M.     An  igneous  meteor,   which  exploded,  was  ob- 

served in  Scotland. 

1835  13 In  the  Department  of  L*Ain,  France,  an  aerolite 

fell  and  set  fire  to  two  houses. 

1836  II A  stone  fell  at  Macay o, B razil.    A  piece  weighing 

6'4  grams  is  in  British  Museum. 

1837  16 Firebsdl  observed  in  Pennsylvania,  U.S.A. 

1842  13 At  Pas  de  Calais  a  fireball  appeared  and  gave  a 

detonation. 

18 54  16...         A  very  large  meteor  seen  at  Hamburg. 

1856  12...         A  stone  fell  at  Trenzano,  Italy  ;  a  piece  weighing 

9*4  grams  is  in  British  Museum.     On  Nov.  15 

a  fireball  seen  at  Troppau. 

1858  12 A  large  meteor  seen  at  Oxford. 

1859  15...     9  30  A.M.    Fireball  appeared,  as  bright  as  tlie  Sun,  in  the 

United  States.     It  fell  from  a  height  of  100 

to  8  miles.     Radiant  235°  +30°. 
i860  15 Fireball  equal  to  the  Sun  seen  in  New  Jersey. 

It  caused  a  great  smoke  and  detonation. 
1861  12...     5  49  P.M.     Fireball  about  f  diameter  of.  D  seen.     Height 

9  5  to  20  miles.     Radiant  61°  4-21°. 
1 861  15...   10  15  P.M.     Fireball  brighter  than  2/.  seen  at  Greenwich. 

1863  II Large  fireball  seen  at  Bautzen.     On  Nov.   12, 

8.46  P.M.,  a  fireball  seen  in  London,  and  esti- 
mated to  be  as  large  as  a  tennis-ball.  On 
Nov.  12,  at  1.48  A.M.,  a  fireball  equal  to  Venus 
seen  at  Birmingham. 

1864  II...     5  35  P.M.    Fireball  =^])    seen  in  France.    Height  97  to 

60  miles.     Radiant  8  0°  -|-  3  5  ° . 

1865  13...     5     o  A.M.    Fireball  =  D  passed  from  187°  +25°  to  160° 

-f  62°  at  Streatham.  On  Nov.  13,  5.42  p.m.,  a 
fireball  appeared,  3  X  ? .  Height  85  miles. 
Radiant  85'^  -1-25°.  On  Nov.  13,  10.50  p.m., 
fireball  seen,  4X  $  ,  leaving  a  streak. 

1868  14...     9  57  p.m.    Fireball  seen  at  York.     2°  long  and  10' broad. 

1869  14...     4  47  A«M.    A  large  fireball  observed  in  Scotland.    Radiant 

in  Pegasus. 

1870  13...     9  38  P.M.    Fine  meteor  exceeding  %   seen  at  Greenwich. 

Taurid. 
1873  13...     7  48  P.M.    Fireball  =^})  seen  in  England.  .Height  57  to 

1 8  miles.    Radiant  84O  +  5 1  o. 
1879  II...     5  34  P.M.    Splendid  meteor  seen  in  Austria.    Height  50  to 

46  miles.    Radiant  271°  -f- 1 1  °- 
•  89)  12...     653  P.M.    Meteor  « 2^  at  Bristol  and  Leeds.    Height  66 

to  36  miles.    Radiant  40°  +6°.    Two  other 

fine  meteors  (Taurids)  seen  at  8.40  and  10.9 

same  night. 

1895  13...  II   15  P.M.     Fine  meteor,  2X  $,  with  streak,  seen  at  Dews- 

bury.     Taurid. 

1896  12...  II     8  P.M.    Brilliant  meteor  seen  in  England.    Height  52  to 

21  miles.    Radiant  45°  +4°* 

The  list  might  be  considerably  amplified  by  a  thorough  search 
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through  scientific  journals ;  but  the  instances  already  quoted  suf- 
ficiently demonstrate  the  period  to  be  a  special  one  as  regards  the 
abundant  occurrence  of  fireballs.  At  some  future  period,  when 
materials  have  accumulated,  it  will  be  useful  to  collect  all  the 
radiants  determined  at  this  season  from  doubly-observed  fireballs 
and  ordinary  shooting-stars.  Such  a  catalogue,  if  it  brought  out 
the  conspicuous  activity  of  showers  like  the  Taurids,  Perseids,  and 
Aurigids  in  supplying  large  fireballs,  would  also  give  an  indication 
of  the  vast  number  of  radiants  which  crowd  the  sky  near  the 
<;lose  of  the  second  week  in  November. 

One  feature  of  the  Leonids  which  must  at  once  strike  the  observer 
is  their  rapidity  of  motion.  In  this  respect  they  offer  a  marked 
contrast  to  the  slow  steadily-descending  meteors  often  seen  at  other 
times.  The  Leonids  dart  or  shoot  along  with  incredible  speed,  and 
generally  complete  their  visible  flights  in  less  than  one  second  of 
time.  Unfortunately  this  element  of  dm'ation  is  very  difficult  to 
determine  in  reference  to  objects  of  such  transient  character,  so 
that  the  velocities  computed  from  the  roughly-estimated  durations 
of  flight  exhibit  great  discordances  and  are  manifestly  affected 
by  large  probable  errors.  Accuracy  can  only  be  approximated 
by  deriving  a  mean  value  from  observa^^ions  of  several  meteors ; 
thus  of  4  Leonids  seen  on  the  night  following  1896  Nov,  14, 
the  average  velocity  was  50  miles  a  second,  which  is  undoubtedly 
rather  in  excess  of  the  truth.  Could  we  attain  to  greater 
precision  in  recording  the  visible  durations,  there  seems  little 
question  that  the  observed  speed  would  very  nearly  accord  with 
■  the  theoretical  speed  of  44  miles  per  second  attributed  to  these 
meteors. 

As  to  the  real  size  of  the  individual  Leonids,  this  varies  to  a 
considerable  extent,  and  is  certainly  an  unknown  quantity.  Some 
of  the  fireballs  of  this  system  must  be  tolerably  large  and  compact 
bodies,  though  not  nearly  so  large  as  their  visible  aspect  would 
perhaps  indicate,  for  the  nucleus,  divested  of  its  outlying  flame  and 
glare  would  probably  appear  very  small,  and  almost  star-like  in 
aspect,  though  of  intense  brilliancy.  Prof.  Herschel,  in  discussing 
some  observations  of  the  November  meteors  in  1865,  remarked 
that  "  the  illuminating  power  and,  in  consequence,  the  weight  of 
the  meteoric  particles  depend  for  their  values  directly  upon  the 
square  of  the  distance  of  the  meteors.  The  weight  is  at  the  same 
time  inversely  proportional,  cceteris  panbus,  to  the  square  of  the 
velocity.  The  average  weight  of  the  November  meteors  is  five 
grains."  This  deduction  was  from  four  meteors  only.  The  weight 
of  meteoric  matter  arrested  at  30  miles  per  second  speed  was  com- 
puted by  the  same  authority  for  20  Perseids  seen  in  1863  August 
9  and  10.  These  weights  vary  from  28  grains  to  7  lbs.  7  oz.  88  grs. 
The  latter  was  for  a  meteor  =  1/  in  brilliancy,  another  =  2  was 
found  to  weigh  a  httle  over  3  lbs.  In  estimating  the  apparent 
.brightness  of  meteors  observers  often  disagree,  for  at  nearly  same 
jplaces  one  description  compares  the  object  with  Venus,  while 
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another  compares  it  with  the  Moon.  Sir  John  Herschel  con- 
sidered the  hght  of  the  full  Moon  as  6852  x  Sirius,  and  54,816- 
X  Vega.  W.  F.  Dbitnlng. 

[To  be  continued.] 


A  new  Advance  in  Solar  Physics  *. 

No  fact  about  the  Sun  is  better  assured  than  the  extreme  rarity  of 
his  surroundings.  The  serrated  scarlet  chromosphere,  the  silvery 
structures  of  the  corona,  the  vast  equatorial  eifluences  observed 
during  total  eclipses  at  sunspot  minima  make  up  but  an  "  insub- 
stantial pageant."  They  scarcely  weigh  in  the  balance ;  they  all 
but  evade  gravity  ;  their  meshes  are  too  fine  to  entangle  even  such 
ethereal  invaders  as  comets.  Their  one  appreciable  faculty  is  that 
of  shining.  Yet,  for  purposes  of  investigation,  this  is  just  the  on© 
thing  wanted,  more  especially  when  the  light  emitted  is  original 
and  discontinuous.  For  the  various  rays  into  which  it  can  thea 
be  separated  by  a  refracting  or  diffracting  apparatus  are  charged 
with  meaning,  both  chemical  and  physical. 

Now  the  luminosity  of  the  chromosphere  and  prominences  may 
be  called  exclusively  their  own.  Moreover,  it  is  of  gaseous  origin,, 
and,  therefore,  characteristic.  It  is  a  bundle  of  significant  bright 
lines.  A  few  of  these  are  constant,  a  multitude  casual.  The 
latter  emerge  eruptively,  as  the  result  of  vehement  surgings  in  a 
subjacent  ocean  of  mixed  metallic  vapours,  tossed  up,  as  it  were^ 
in  glowing  spray  into  spectroscopic  view.  Essentially,  never- 
theless, the  red  solar  envelope  and  prominences  are  alike  composed 
of  hydrogen,  helium,  '*  coronium,"  perhaps,  and  calcium.  The 
importance  of  the  last-named  ingredient  has  only  of  late  become 
fully  known.  And  this  for  an  obvious  reason.  It  is  represented 
by  only  one  pair  of  lines — fine,  bright  reversals  of  Fraunhofer's- 
broad,  dark  "  H  "  and  '*  K  "  ;  and  they  are  situated  close  to  the 
limit  of  ultra-violet  visibility.  Hence,  the  aid  of  photography  was- 
indispensable  for  their  effective  study.  They  were  registered,  it 
is  true,  as  leading  features  of  the  chromospheric  spectrum  by 
Prof.  Young  in  1872  ;  not  without  perplexity  at  what  their 
presence  seemed  to  imply.  Indeed,  the  Dartmouth  College 
astronomer  refused  to  beheve  that  the  substance  betokened  was 
actually  calcium,  holding  it  impossible  that  a  comparatively  heavy 
metallic  vapour  should  keep  step  with  the  upward  excursions  of 
hydrogen,  the  lightest  of  known  gases,  and  of  helium,  evidently 
an  analogous  form  of  matter.  He  inclined  rather  to  consider 
hydrogen  itself  responsible  for  the  problematical  rays.  Sir  J. 
Norman  Lockyer,  on  the  other  hand,  regarded  them  as  emissions 
of  a  calcium-constituent,  the  terrestrial  "  element "  being  decom- 
posed at  the  exalted  temperature  of  the  Sun.     A  remarkable  serie* 

■  '*'.  From  *  The  Times,*  1897  July  10. 
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o£  spectral  changes  observed  in  the  laboratory  to  accompany  varia- 
tions in  the  intensity  of  the  electric  current  employed  to  produce 
luminosity  was  alleged  in  support  of  this  view ;  above  all,  the 
progressive  enfeeblement  of  the  familiar  "  blue  line ''  of  calcium, 
concurrently  with  the  enhancement  of  H  and  K,  as  molecular 
excitement  was  gradually  worked  up  to  the  "  hottest  spark  "  stajije. 

More  and  more  clearly,  as  photographic  methods  developed,  the 
calcium  problem  was  perceived  to  be  fundamental  in  solar  physics. 
Plates  exposed  by  Dr.  Schuster  to  the  eclipsed  Sun  at  Sohag,  in 
Egypt,  May  17,  1882,  testified  to  the  surprising  strength  of  the 
violet  light  emitted  by  its  flame-garland ;  while,  ten  years  later. 
Prof.  Hale  and  M.  Deslandres  owed  their  conspicuous  success  in 
day-by-day  prominence -portraiture  to  their  choice  of  the  K-line  as- 
the  medium  of  their  researches.  It  is,  for  several  reasons,  more 
convenient  for  use  than  its  companion;  but  both  possess  the 
singular  advantage  of  being  naturally  protected  from  atmospheric 
glare  by  the  dusky  sheathiugs  encompassing  them  in  the  ordinary 
solar  spectrum.  By  means  of  the  double-slit  photographs  thus- 
taken  on  K,  fresh  and  most  convincing  evidence  was  collected  of 
the  extraordinary  profusion  in  which  calcium-vapour  exists  near 
the  Sun.  It  proved  to  enter  largely  into  the  composition  of  the^ 
faculous  appendages  stretching,  in  curls  and  spirals,  across  the 
spot  zones ;  it  retained  actinic  power  at  the  summits  of  the  very 
tallest  prominences,  where  even  hydrogen  was  probably  extinct^ 
A  limit  is  not  easily  set  to  the  height  at  which  it  may  continue  to 
shine;  300,000  miles  have  almost  certainly  been  transcended^ 
while  structures  radiating  H  and  K  range  quite  commonly  bet\\  een 
50,000  and  100,000  miles. 

These  startling  facts  must  be  considered  in  their  relation  to  a 
special  peculiarity.  As  already  remarked,  the  twin-lines  in  the 
violet  are,  in  the  chromospheric  emissions,  isolated  from  all  their 
usual  associates.  No  trace  remains  of  any  other  constituent  of 
the  calcium  spectrum.  Yet  75  of  the  dusky  Fraunhofer  rays  in 
the  general  solar  spectrum  are  due  to  the  metallic  base  of  lime.r 
The  question  then  naturally  arises  whether  an  identical  kind  of 
matter  is  really  concerned  in  each  case — whether  the  substance 
giving  out  H  and  K  in  the  prominences  is  chemically  indistin- 
guishable  from  the  metal  volatilized  in  the  reversing  layer.  A  satis- 
factory answer  could  be  furnished  only  by  continued  observation. 
Until  calcium  had  been  experimentally  reduced  to  a  "  two-line  " 
condition,  discussions  on  the  point  were  of  slight  avail. 

This  precisely  is  what  Sir  William  and  Lady  Huggins  have  now 
achieved.  In  a  paper  read  before  the  Eoyal  Society,  June  1 7  last,- 
they  describe  a  set  of  experiments  showing,  simply  and  conclusively^ 
that  calcium  vapour,  when  sufficiently  attenuated,  radiates,  under 
electrical  stimulation,  H  and  K  alone.  In  other  words,  its  spectrum 
corresponds  exactly  with  that  of  the  prominences.  This  final  stage^ 
at  which  the  metal  remained  present  only  as  a  bare  trace,  wa» 
reached  by  successive  approximations,  the  attendant  spectral  varia^ 
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tions  being  photographically  recorded.  They  form  a  connected 
sequence,  obviously  dependent  upon  the  thinning-out  of  the  emit- 
ting subst^iuce.  Every  other  cause  of  change  was,  indeed,  carefully 
.excluded ;  and  a  spark  of  small  intensity  was  employed  throughout 
80  as  to  keep  the  temperature  uniform  and  moderate. 

Thus  the  solar  prominence-spectrum  of  calcium  has  at  last  been 
Artiiicially  produced ;  and  the  condition  sine  qua  non  of  its  pro- 
duction is  unmistakably  the  extreme  rarefaction  of  the  emitting 
material — a  condition  amply  fulfilled  in  the  Sun.  No  dissociation- 
hypothesis  is  accordingly  needed  to  explain  spectral  phenomena 
which  have  hitherto  supplied  the  strongest  argument  in  its  favour. 
The  difficulty,  nevertheless,  remains  of  accounting  for  the  agility, 
;S0  to  speak,  of  the  calcium  molecule.  Many  times  more  massive 
than  that  of  hydrogen,  it  yet  seems  to  be  endowed  with  a  virtual 
lightness  scarcely,  if  at  all,  inferior.  The  anomaly,  to  be  sure, 
may  be  more  apparent  than  real.  Persistence  of  the  H  and  K 
vibrations  under  circumstances  which  extinguish  the  glow  of  hy- 
drogen is  probably  concerned  in  giving  rise  to  the  observed  effects ; 
while  the  seething  agitations  prevalent  in  chromospheric  regions 
t«nd  to  counteract  the  sorting  power  of  gravity.  Neither  in  Sun 
or  stiirs  is  the  distribution  of  the  various  substances  in  their  neigh- 
bourhood prescribed  at  all  strictly  by  their  several  vapour-densities. 
The  fiery  envelopes  of  these  vast  globes  obey  no  definite  law  of 
stratification.  In  the  variable  star  Mira,  for  example,  a  layer  of 
dense  calcium  is  superposed  upon  a  bed  of  ignited  hydrogen,  so  as 
actually  to  obliterate  by  absorption  a  member  of  the  harmonic^ 
fleries  of  its  brilliant  rays. 

The  discovery  made  by  Sir  William  and  Lady  Huggins  affords 
much-needed  help  towards  the  disentanglement  of  the  parts  re- 
spectively played  by  temperature  and  pressure  in  modifying  spectra^- 
The  impossibility  of  arriving  at  satisfactory  conclusions  on  th 
point  has  long  constituted  a  stumbling-block  in  the  way  of  astr 
physicists.     If  not  now  wholly  removed,  it  is  at  least  pushed  con 
siderably  to  one  side.     The  cleared  path  will  doubtless  be  eager! 
followed. 


Some  Reminiscences, 

Theke  are  more  readers  of  the  '  Observatory '  who,  on  receivings 
R  new  number,  turn  first  to  the  papers  "  From  an  Oxford  Note-* 
Book "  than  would  probably  care  to  make  confession  of  the  fact. 
Not  that  this  curiosity  is  to  be  deprecated  when  we  consider  th^ 
variety  of  information  frequently  to  be  found  therein,  and  especially 
those  marvels  which  from  time  to  time,  on  occasions  of  scien- 
tific expeditions   into   flowerj'  and  western  lands,  are   gathered 
together  for  our  enlightenment.      Truth,  we  know,  is  stranger 
than  fiction,  and  for  such  increase  of  our  knowledge  we  all  alike 
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feel  correspondingly  grateful.  We  have  lately  read  in  the  May 
notes  of  a  more  homely  matter — of  a  wonderful  man,  Chevalley,  a 
Swiss,  who  is  said  to  have  acquired  the  art  of  keeping  time  like  a 
clock,  and  who  could  indicate  the  quarters  of  an  hour  by  his  voice 
even  when  distracted  by  talking.  To  learn  even  this  humble  fact 
enlarges  our  views  and  shows  that  we  ought  not  to  consider  Le 
Yerrier  to  have  been  so  very  unreasonable  in  wishing  to  test  tha 
ability  of  a  Greenwich  observer  to  count  seconds  accurately  through 
a  minute  of  time  out  of  hearing  of  the  clock — which  story  I  do  not 
remember  to  have  heard  before,  though  probably  I  have,  since  the 
observer  in  question  would  be  an  old  colleague  of  mine.  Others 
have,  however,  unconsciously  tried  to  emulate  in  some  smaU  degree 
M.  Chevalley.  Having  myself,  in  my  early  days  at  Greenwich,, 
had  a  good  deal  of  practice  as  an  observer  of  eye-and-ear  transits,. 
I  used  frequently,  in  the  intervals  between  observations,  amuse 
myself  by  testing  how  closely  I  could  count  60  seconds  away  from 
the  clock,  which  at  that  time  I  could  usually  do  with  little  error, 
probably  not  altogether  to  the  satisfaction  of  Le  Yerrier,  not  to- 
mention  M.  Chevalley. 

There  was  also  another  way  in  which  the  perception  of  the- 
true  length  of  a  second  became  instilled  into  my  inner  con- 
sciousness. At  one  time,  for  many  years,  I  had  to  pass  some 
portion  of  every  day  in  the  chronometer  room,  in  which  the 
continued  clang  of  a  large  number  of  chronometers  produced  a 
very  distinct  half-seconds  wave  of  sound,  and  thus  I  came  to 
practise  the  counting  of  a  minute  by  half- second  beats  as  well  as 
by  seconds.  Of  course  the  accuracy  attained  was  not  such  as  that 
one  could  distinguish  between  the  different  lengths  of  sidereal  and 
solar  minutes.  Recently  I  again  tried  my  ability  accurately  ta 
count  60  seconds,  without,  however,  reaching  the  same  success  as 
before. 

The  power  of  carrying  on  independently  the  counting  of  seconds 
was  at  times  really  useful.  Occasionally  at  Greenwich,  when  the 
transit-clock  required  cleaning  or  repair,  or  when  after  the  intro- 
duction of  the  chronographic  system  there  was  otherwise  inter- 
ruption, the  clock  temporarily  placed  in  the  transit-circle  room 
would  be  one  having  a  somewhat  faint  beat,  and  on  a  very  windy 
night  it  sometimes  happened  that  the  beats  could  not  be  heard  for 
a  lesser  or  greater  number  of  seconds.  At  the  end  of  a  transit, 
during  which  the  clock-beats  had  been  thus  at  times  inaudible,  it 
was  a  relief  to  find,  if  the  object  observed  were  the  Moon,  that  the 
clock-counting  had  been  correct,  but  I  have  no  remembrance  o£ 
there  having  been  at  such  times  any  mischance.  In  observing 
transits  of  quick-moving  objects  it  was  in  all  cases  my  custom  to 
take  the  second  off  the  clock  as  the  object  approached  the  first  wire^ 
count  through  the  transit  without  looMng  at  the  clock,  and 
invariably  check  the  counting  after  passage  at  the  last  wire.  As 
to  the  manner  of  estimating  tractions  of  seconds,  my  own  custom^ 
from,  the  very  first  transit  I  ever  observed  (one,  I  believe,  of 
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y  Aquilae),  was  to  note  the  position  of  the  star  in  the  field  at  the 
clock-beat  before  reaching  the  wire,  and  again  at  the  beat  next 
after  passing  the  wire,  and  estimate  by  eye  the  fractional  part  of 
the  second  corresponding  to  the  position  of  the  wire,  and  never  in 
any  case  by  mental  estimation  of  the  fraction  of  time  elapsed 
between  the  preceding  dock-beat  and  the  bisection  of  the  star  by 
the  wire.  Mr.  Stone  (whose  loss  all  astronomers  will  so  deeply 
deplore,  and  whose  first  coming  to  Greenwich  I  so  well  remember, 
as  well  as  my  own  pleasant  intercourse  with  him  during  his  whole 
stay  there),  at  the  April  Meeting  of  the  Soyal  Astronomical 
Society  (see  'Observatory'  for  May  1897,  p.  190),  mentions  that 
one  of  the  Badclifife  ol»ervers  adopts  a  combination  of  the  two 
methods  with  some  success.  Would  this  be  with  quick-moving 
stars?  Of  course,  with  slow-moving  stars  some  modification 
naturally  comes  in.  Thus  in  observing  a  close  polar  star  such  as 
X  UrssB  Minoris  no  question  of  distance  traversed  in  a  second 
Arises ;  it  is  here  simply  a  time  estimation.  With  such  stars  ifc 
was  my  custom,  on  account  of  atmospheric  tremor,  to  note  when 
the  apparent  disk  touched  the  wire,  was  bisected  by  the  wire,  and 
last  touched  the  M-ire,  and  take  for  the  observed  time  the  mean  of 
the  three  observations.  I  confess  that  I  quite  sympathize  with 
Capt.  Noble  (see  '  Observatory'  as  before,  p.  189)  on  the  difficulty 
of  observing  by  eye  and  ear  a  bright  star  such  as  Capella. 

The  old  Troughton  transit  and  the  accompanying  mural  circle 
remained  in  use  at  Greenwich  until  the  end  of  the  year  1850,  the 
present  transit-circle  having  been  brought  into  operation  at  the 
beginning  of  1851.  The  Troughton  transit,  which  occupied  the 
room  used  from  1851  to  1897  as  the  Astronomer  Eoyal's  official 
room,  was  a  very  pleasant  instrument  to  work  with.  The  transit- 
clock  stood  then  encased  in  a  stone  pier,  the  pendulum  being 
visible  through  a  plate  of  glass  fixed  in  front,  and,  if  my  memory 
does  not  deceive  me,  the  letters  O  and  E  were  painted  in  black  on 
the  stone,  one  on  each  side  of  the  glass  front.  In  observing 
southern  stars  it  was  almost  impossible  to  get  wrong  with  the 
^lock-beat. 

The  determination  of  the  error  of  collimation  of  the  Troughton 
transit  was  a  tedious  operation,  and  could  not  conveniently  be  very 
frequently  performed.  This  difficulty  seems  to  have  impressed  Sir 
George  Airy,  who,  in  designing  the  new  transit-circle,  provided 
fixed  collimators,  giving  greater  facilities  for  determination  of  this 
element.  For  the  new  instrument  it  was  arranged  that  the  error 
^f  level  should  be  found  by  reflexion  of  the  wire  in  mercury.  For 
the  Troughton  transit  a  level  placed  on  the  pivots  had  been  used. 
The  diameter  of  pivots  of  the  Troughton  transit  was  relatively 
<8raall ;  that  of  the  pivots  of  the  new  instrument  is  6  inches.  On 
account  of  the  massive  character  of  the  new  instrument  there  was, 
perhaps,  less  of  irregularity  in  the  changes  of  instrumental  error ; 
but  a  new  thing  appeared,  a  strongly-marked  annual  period  in  the 
^errors  both  of  leveJ  and  azrmiitb,  with,  as  regard?  lerel,  a  drop  of 
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the  eastern  pivot  (relatively  to  the  western  one),  which,  proceeding 
with  the  time,  went  on  for  some  years,  accompanied  by,  superposed 
^n  the  annual  variation,  a  variation  of  level  from  day  to  day  closely 
following  variation  of  temperature.     I  then  found  that  the  errors 
of  level  and  azimuth  of  the  old  Troughton  transit  were  also  subject 
i»  annual  periods,  different  in  character  to  those  of  the  transit- 
circle  and  smaller  in  magnitude  (see  vol.  xxix.  of  the  *  Memoirs  of 
the  Royal  Astronomical  Society ').     The  transit-instrument  of  the 
Edinburgh  Observatory  had  been  previously  found  to  be  affected 
with  periodical  changes  of  level  correspondiug  to  changes  in  tem- 
perature of  the  rock  below.     Professor  Turner,  many  years  after- 
wards (E.  Ast.  Soc.  Notices,  vol.  xlvii.)  collected  the  results  for 
level  and  azimuth  of  the  G-reenwich  transit-circle  for  the  34  years 
185 1  to  1884  (I  had  only  employed  8  years),  and  further  discussed 
the  difficult  subject  of  the  relation  with  temperature.     To  those 
interested    in    such   questions   it   may   be   also   mentioned   that 
Mr.  Pinlay,  Chief  Assistant  at  the  Cape  Observatory,  has  since 
contributed  to  vol.  ii.  of  the  '  Annals  of  the  Cape  Observatory '  a 
very   interesting  paper  on   the  variations   of  the   instrumental 
adjustments  of  the  Cape  transit-circle. 

I  have  mentioned  the  G-reenwich  mural  circle  in  use  to  the 
end  of  1850.  It  may  be  interesting  further  to  say  that  with  this 
instrument  stars  of  low  altitude  could  be  readily  observed  by 
reflexion  ;  there  are  instances  of  observations  at  less  than  15° 
Altitude,  but  with  the  new  transit-circle  the  fixed  collimators  much 
restricted  the  extent  of  sky  over  which  such  observations  could  be 
made.  This  inconvenience  was  remedied  by  the  present  Astro- 
nomer Royal  by  remounting  the  collimators  so  that  they  could  be 
turned  aside  when  their  use  was  not  required. 

We  have  wandered  away  from  clock-beats.  May  I  now  gossip 
A  little  about  comparison  of  clocks  by  the  method  of  coincidence  of 
beats  ?  one  by  which  sidereal  and  solar  timekeepers  can  be,  one  with 
the  other,  so  accurately  compared,  or  by  which,  by  means  of  an 
intermediate  mean  solai  chronometer,  the  difference  between  two 
^sidereal  clocks  in  an  observatory  can  be  so  exactly  determined. 
The  observation  seems  to  be  a  pretty  easy  one  to  make,  since  the 
^adual  approach  of  the  two  sets  of  beats  to  coincidence,  as  the 
one  gains  upon  the  other,  so  prepares  the  ear  to  seize  the  true 
instant  of  coincidence,  which  becomes  perhaps  more  accurately 
fixed  by  following  the  beats  until  the  one  set  has  advanced  so  as 
to  begin  to  appear  sensibly  in  front  of  the  other.  But  yet  I  have 
known  observers  who  were  liable  to  be  in  such  observations  more 
or  less  uncertain.  The  accuracy  of  this  method  of  comparison  is 
seen  when  it  is  remembered  that  an  error  of  even  as  much  as 
4  seconds  in  estimating  the  moment  of  coincidence  represents,,  in 
jk  single  comparison^  only  an  error  of  o'*oi  in  the  transfer  of  the 

tilB6. 

I  cmce  employed  the  method  of  CQincidence  of  beats  in  a  critical 
When  it  was  proposed  to  use  the  snbmanne  telegraph  to 
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determine  the  longitude  of  Cairo  for  the  purposes  of  the  1874. 
Transit  of  Venus,  we  were  not  allowed  to  connect  the  end  of  the 
submarine  cable  at  Porthcumo  in  Cornwall  with  the  land  line  to- 
Greenwich  Observatory.      Porthcurno  had  thus  to  be  made  aa 
intermediate  station,  but  still  it  was  desired  not  to  make  it  also  an 
astronomical  station — that  is,  it  was  wished  to  avoid  the  erection  of 
a  transit  or  other  corresponding  time  instrument.    In  the  longitude 
operations  I  had  charge  of  this  station,  and  using  a  mean  solar 
chronometer  for  exchange  of  signals  with  the  Greenwich  sidereal 
clock,  and  a  sidereal  chronometer  for  exchange  of  signals  with  the 
Alexandria  mean  solar  chronometer,  it  became  necessary  to  compare 
frequently  my  solar  and  sidereal  chronometers  by  coincidence  of 
beats,  an  operation  by  which  the  Greenwich  time  was  carried 
forward  with  great  certainty.     It  has  been  by  some,  I  believe, 
supposed  that  in   this  determination  of  longitude  special  pre- 
cautions were  not  taken  beyond  what  was  necessary  to  secure  a 
result  sufficient  for  the  transit  of  Venus  work.     This  is  a  mis- 
apprehension.    For  other  of  the  Transit  of  Venus  stations  inde- 
pendent astronomical  methods  for  longitude  had  necessarily  to  be 
relied  on.     But  there  being,  in  the  case  of  Egypt,  the  possibility 
of  securing  a  telegraphic  determination,  the  desire  was  from  the 
first  to  use  this  favourable  opportunity  to  make  the  determination 
as  accurate  as  possible,  quite  independent  of  the  needs  of  the 
Transit  of  Venus.     In  the  first  place,  the  submarine  telegraph  line 
between  Porthcumo  and  Alexandria  was,  for  ordinary  speaking, 
purposes,  worked  in  several  distinct  sections ;  but  when  it  waa 
proposed  to  use  it  for  longitude  purposes.  Sir  George  Airy  declined 
to  entertain  the  proposal  unless,  the  different  sections  being  joined 
up  into  one  continuous  cable,  signals  could  be  satisfactorily  ex- 
changed direct  between  Porthcurno  and  Alexandria  through  the 
whole  length  of  cable,  and  preliminary  experiments  were  made  at 
Porthcurno  some  months  beforehand  to  ascertain  that  this  could 
be  satisfactorily  done.     Further,  Mr.  Cromwell  Varley  kindly  had 
his  artificial  cable  set  up  at  Greenwich  to  enable  the  observers  to 
practice   the   observation  of   signals   such  as  would  actually  be 
received   on   the  submarine   cable.      The   determination   of   the 
personal  equation  in  transits  of  the  Cairo  observer  was  not  quite 
satisfactory,  but  the  longitude  was  on  the  whole  by  no  means  a 
bad  piece  of  work.     Signals  were  exchanged  on  four  nights,  three 
separate  exchanges  having  on  each  night  to   be  made,  between 
Greenwich  and  Porthcurno,  between  Porthcumo  and  Alexandria, 
and  between  Alexandria  and  Cairo,  in  each  section  giving  in  one 
direction  sidereal  signals  and  in  the  other  mean  solar.     The  extreme 
difference  between  the  concluded  longitudes  of  the  four  nights  vstA 
only  o''i2. 

There  is,  of  course,  or  should  be,  progress  in  all  things,  and 
improvements  are  continually  made.  In  our  day  determinations  of 
longitude  are  executed  with  greater  elaboration  of  apparatus  and 
method  than  heretofore,  but  unfortunately  it  does  not  in  all  case» 
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follow  that  this  ensures  a  greatly  increased  accuracy.  The  tele- 
graphic arrangements  may  be  so  perfect  that  the  exchange  of  a 
very  moderate  number  of  telegraphic  signals  will  determine  the 
actual  difference  of  the  clocks  of  two  stations  with  an  accuracy 
practically  equal  to  that  to  be  derived  from  the  exchange  of 
hundreds  of  signals;  but  still  there  comes  in,  as  before,  the 
determination  of  local  time  and  personal  equation,  with  their 
uncertainties,  which  at  times  become  baffling.  Indeed  we  must  all 
have  experienced  and  been  correspondingly  disappointed  in  being 
compelled  to  acknowledge  that,  when  the  possible  outstanding 
error  in  the  determination  of  the  value  of  an  element  is  small,  it 
will  happen  that,  to  obtain  an  improved  result,  a  refinement  of 
instrumental  means  and  methods  is  required  apparently  out  of  all 
proportion  to  the  slight  increase  of  accuracy  presumably  gained. 
The  fight  for  greater  accuracy  is  often  a  continuous  warfare.  A 
new  method  of  attack  may  turn  out  to  be  a  forlorn  hope  ;  but  if 
fortune  at  last  smiles,  then  indeed  does  the  patient  enquirer  become 
rewarded  for  all  his,  it  may  be,  years  of  labour. 

Speaking  of  telegraphic  work  brings  to  mind  that  it  is  now  43 
years  since,  in  the  year  1854,  the  chronographic  method  of 
recording  transit-observations  (or,  as  it  was  then  called,  the 
American  method,  Professor  Mitchell  having  previously  success- 
fully applied  the  principle  at  Cincinnati)  was  brought  into  use  at 
Greenwich  Observatory.  Sir  George  Airy,  in  designing  the  large 
chronograph  still  in  use  at  Greenwich,  arranged  that  the  record  of 
seconds  by  the  clock  and  of  transits  by  the  observer  should  be 
made  on  the  moving  paper  by  two  separate  pricking-points.  T 
well  remember  my  first  night  of  work  with  the  new  method  of 
transit  by  "  touch,"  in  which  for  quick-moving  stars  my  custom 
always  was  to  endeavour  to  make  the  contact  complete  simul- 
taneously with  the  apparent  bisection  of  the  star  by  the  wire — that 
is  to  say,  I  did  not  wait  until  the  star  was  on  the  wire  before 
moving  the  finger.  It  is  not  easy  or  possible  to  use  the  chrono- 
graphic method  for  close  polar  stars,  because  of  atmospheric 
tremor,  through  which  the  "  touch "  may  be  made  too  soon,  as 
watching  the  star  for  a  few  seconds  longer  might  reveal.  Not 
only  did  an  observer,  by  use  of  the  chronographic  method,  become 
relieved  from  the  necessity  of  so  much  clock-counting,  but  the 
duration  of  a  chronographic  transit  being  also  much  shorter  (one 
third  of  the  length  of  an  eye-and-ear  transit,  not  reckoning  the 
time  lost  in  taking  up  the  clock  second  in  the  latter  method),  it 
became  possible  to  secure,  in  a  given  time,  a  greater  number  of 
observations  than  by  the  old  method,  with  less  fatigue  to  the 
observer.  The  winter  wind  might  bluster,  the  observer  now 
remained  impassive,  unless,  indeed,  he  was  anxious  to  obtain 
reflexion-observations,  when,  should  a  malevolent  puff  of  wind 
come  at  a  critical  moment  to  ruffle  the  placid  surface  of  the 
mercury,  such  an  accident  would  probably  not  be  calculated  to 
promote  his  continued  calm,  could  we  be  there  to  see — or  hear. 
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The  chronographic  syatem,  rendering  unnecessary  1^  tedious 
comparison  between  different  of  the  observatory  clocks,  was 
another  advantage,  since  the  time-observations  at  all  instruments 
eouimunicating  with  the  chronograph  became  referred  to  the  one 
sidereal  clock,  and  the  introduction  of  this  system  into  observa- 
tories certainly  inarked  a  great  advance.  But  what  developments 
are  we  yet  to  see  ?  There  is,  for  instance,  the  new  telegraphy 
without  wires.  Shall  we  become  able  to  pass  longitude-signals  across 
the  ocean  without  wires  ?  Or  will  some  day  the  time-observations 
made  at  all  the  principal  observatories  of  the  world  become 
registered  on  one  big  central  chronograph  to  be  maintained  in 
continuous  action,  each  ob<*ervatory  having  its  o  '  n  sympathetic 
prickingr point,  from  which  the  several  observed  times  will  be 
afterwards  flashed  back  to  the  different  obser\atories  as.  required ? 
Some  staid  spirits  may  weakly  murmur  of  difficulty  :  let  them  bide 
their  diminished  heads,  for  this  word  is  evidently  one  that  in  tbe 
coming:  time  (in  the  new  century,  perhaps)  should  be  erased  from 
all  dictionaries.  W.  Ellis.  • 


CORRESPO^J  PENCE. 

To  the  Editors  of  *  The  Observatory,^ 

Forster  and  the  Perseids. 

GentIemen, — 

Now  that    August   is   once   more    approaching,    matters 
relating  to,  the  Perseid  meteors  become  again  of  special  intere*^- 
It  is  somewhat  remarkable  that,  although  their  appearance  has  "^^^ 
a  long  time  past  been  annual,  the  history  of  these  cannot  be  trst^®^ 
nearly  so  far  back  as  that  of  the  Leonids  in  November.    Quet*^^®*; 
in  his  'Catalogue  des  princi pales  Apparitions  d'Etoiles  filan't'^^ 
(Brussels,  183^).  quotes  as  the  earliest  known  reference  to  tfc*?^ 
Musschenbroeck's  '  Introduction  a  la  Philosophie  naturelle,'  wT^i^^ 
appeared   in   1762,  and  contains  the   passage  (vol.  ii.  p.  10^  ^)' 
"  »Stellae  (cadentcs)  potissimum   mense   augusto  post    progres^^^ 
a>stum  trajici  observantur,  saltern  ita  in  Belgio,  Leydae,  et  Ul  'trvB- 
jecti."     Up  to  that  time,  then,  it  would ^seem  that  all  that  h^d  tJ?«60 
noticed  was  the  frequent  recurrence  of  meteoric  appj3i\rances  in-     ^^^ 
month    of  August.     The  earliest  published,, work,  I.b^liev^,    ^^ 
which  the  date  of  the  Perseid  show  er  is  giverj  jijore  exactly  is*    ^^^ 
<  Perennial  Calendar 'of  Thomas   Ignatius  Ma^ii^ia  Forster,,  ,\rbic4 
appeared  in  London   in    1824,   shortly   followed  j|(j 82 7)  by    ^^^ 
*  Pocket  Encyclopaedia  of  Natural  Phenonema,    which   inclii^^* 
(PartPourth)   a  '  Rustic  Calendar,"  giving  for  each  dBj' ojither  ti 
])rognostic  or  an  indication  relative  to  the  flowering  of  pl^intfir  or 
the  migration  of  birds.   The '  Encyclopaedia '  is  compiled  princi|)»% 
from  the  manuscripts  and  journals  of  the  author's  father.  Thoiuas 
Purly  Porster.     Under  date  August  10  it  slates:  "Palling  Stars 
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and  Meteors  most  abound  about  tbis  time  of  year."     T.  I.  M. 
Forster  told  Quetelet  tbat  tbere  was  an  earlier  reference  to  tbis 
ill  a  manuscript  preserved  in  the  library  of  Corpus  Christi  College, 
Cambridge,  entitled  'Ephemerides  rerum  naturalium,' and  prob- 
ably the  work  of  a  monk  about  the  end  of  last  century.     He 
published  at  Bruges,  in  1843,  an  '  Essai  sur  I'influence  des  Cometes 
sur  les  phenomenes  de  la  Terre,  Seconde  Edition,  augmentee  d'un 
autre,  sur  les  etoiles  filantes,*  in  one  of  the  "  Notes  supplemen- 
taires  "  of  which,  after  arguing  against  their  planetary  nature,  aii 
interesting  passage  occurs  respecting  their  appearance,  which  may 
be  quoted  : — "  Le    nombre   varie   c-haque  annee,    elles    sont    en 
general  tres  frequentes  la  nuit  du  9  encore  plus  nombreux  dans 
celle  du  10  d'Aout.    Mais  quelques  nuits  avant  et  apr^a  ces  epoques 
un  certain  nombre  est  tou jours  visible,  ce  qui  prouve  que  la' cause 
de  ces  etoiles  est  progressive.     Je  me  rap  pell  e  Tannee   t8ii,  I0 
10  d'Aout,  retournant  de  Walthamstow  k  Clapton,  avec  mon  pere, 
entre  8  et  demie  et  10  heurea,  je  voyais  un  si  grand  nombre  de 
ces  meteores  qu'il  etait  difficile  de  les  compter,  ils  prenaient  des 
directions  diverses    et   laissaient  apres  eux   de  longues   trainees 
blanchatres,  visibles    quelques  secondes  dans  Tatmosphere,  apr^s 
que  I'etoile  meme  fut  eteinte.    Quelques-unes  etaient  tres  grandes, 
mais  toutes  distinguees  par  ces  longues  trainees  blanches."     The 
author  concludes  with  the  remark  that  these  white  trains  proved 
the  phenomena  to  be  atmospheric  and  not  planetary,  as  apparently 
it  did  not' occur  to  him  that  the  trains  might  be  produced  in' the 
atmosphere,  but  iiot  the'  meteors  themselves. 
^    Quetelet,  in  the  memoir  cited-  at* the  beginning  of  this  letter, 
isays  'that  Eorster  informed  him'  that  there  was  a  tradition  in  his 
n{itiv6  country  (Ireland)  that  th6  shooting-stars  which  appeared 
in  siich  abundance  in  August  were  the  burning  tears  of  St.  Law- 
rence,' whose  feast  is  kept  on  the  loth  of  that  month.     But  he  wad 
certaiiily  mistaken  in  supposing* that  Eorster  was  an  Irishman^  norl 
indeed," does  it  appear  that  he  ever*  was  in  Ireland,  so  that  he 
probably  first  heard  the  expression  somewhere  on  the  conMhent, 
in  different  parts  of  which  he  resided  during  the  latter  part  of  his 
life.      He  was  a  native  of  London,  and,  according  to   his*  own 
account  in  '  Recueil  de  ma  vie,'  was  born*  in  Threadneedle  Street 
on  the  9th  of  November,  1789.     His  paternal  ancestors  were  long 
located  in  the  northern  part  of  Northumberland,  butBfer^»th>eir 
estates  through  taking  part  in  the  Civil  War  of  1 7 1 5  on  the  side 
of   the    Stuarts;    his   grandfather,    Edward   Forster, '  settled   at 
Walthamstow,  Essex,  in  1764,  soon  after  the  birth  of  his  elcft^st; 
son,  Thomas  Edrly*  Forster,  in  1761.     Thomas  Ignatius  Forster 
was  hif^dest  s(/n*»ferid  "di^  at  Brussels  in  i86o.-    He  was  an  early 
Fellow^  of  the' Astoronomical  "Society,  and  took 'part  in  founding  a 
sholt-^ved  Meteorological  Society.     Oh  the  3rd  of  July  (the  date 
on  which  I  am  Writing  this)  he  discoyei'ed  a  comet,  which  was 
observed  the  same  night  at  the  Eoyal  Observatory,  Greenwich. 
It  was  brilliant  for  a  time,  and  continued  visible  for  about  four 
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months ;  but  Torster  was  anticipated  in  the  discovery  by  Tralles, 
who  noticed  it  on  the  ist  of  the  same  month,  and  it  was  also  seen 
at  Berlin  on  the  2nd.  Yours  faithfully, 

Blackheath,  1897,  July  3.  W.  T.  LHOT. 

The  Metric  System. 

Gentlemen, — 

In  the  number  of  the  '  Observatory '  for  June  1896,  page  251, 
it  is  suggested,  in  an  extract  from  the  *  Times,'  that  in  certaiu 
eases  the  French  decimal  system  of  money  is  less  advantageous  m 
practice  than  is  the  English  system.  As  an  example,  it  is  said  that 
"  it  is  not  difficult  to  see  that  it  is  pretty  easy  to  work  out  mentally 
the  value  of,  say,  i|  yards  of  ribbon  at  3  Jci.  per  yard,  while  it  is  very 
difficult  to  workout  mentally  i  metre  and  75  centimetres  at  35 
centimes  a  metre."  In  what  way  is  this  difficult?  In  the  French 
system  we  can  multiply  35  by  2  and  subtract  an  eighth  of  the 
product,  which  gives  61  centimes  and  a  fraction.  In  the  English 
system  s^d.x  2  — ^th  of  the  product  gives  6d.  and  a  fraction  of  a 
farthing.  A  comment  on  the  above  is  that  "one  and  three 
quarters  is  treated  like  one  and  a  half;  but  175  passes  into  the 
domain  of  three  figures."  But  does  anything  prevent  175  being 
similarly  taken  as  150?  though  I  do  not  think  I  see  the  point 
of  the  comment.  As  to  which,  French  or  English,  is  the  better 
plan,  who  is  to  judge?  Those  used  to  English  coinage  may  prefer 
English  reckoning,  whilst  those  used  to  French  may  prefer  the 
French  reckoning.  The  person  who  can,  without  bias,  say  which 
system  is  abstractedly  the  more  convenient  may  not  exist,  as  we 
are  all  in  such  matters  creatures  of  habit,  and  usually  prefer  that 
to  which  we  are  most  accustomed,  though  it  may  not  be  the  best 
Consider  another  question  of  international  difference.  The  centi- 
grade thermometer  scale  is  more  scientific  and  natural  than  that 
of  Fahrenheit,  but  how  many  of  us  can  realize  what  amount  of 
heat  25°  of  the  centigrade  scale  represents?  Say  that  the  tem- 
perature is  77°,  we  are  then  quite  at  home.  Here  we  prefer  in 
practice  that  to  which  we  are  accustomed,  although  we  know 
that  it  is  not  the  best,  or,  indeed,  the  most  convenient,  since  the 
Fahrenheit  scale  dees  not  directly  indicate  degrees  of  frost. 

Tours  faithfully, 

1897,  July  20.  "W".  Ellis. 

TTie  Lunar  Eclipse  of  August  27,  b.c.  413. 

Gentlemen, — 

Canon  Taylor,  referring  to  my  letter  in  the  May  number  of 
the  '  Observatory,'  calls  my  attention  to  a  remarkable  statement 
in  the  late  Prof.  Freeman's  *  History  of  Sicily,'  vol.  iii.,  which  ^^ 
amuse  those  of  your  readers  who  have  not  seen  it.  Speaking  ^* 
the  eclipse  of  the  Moon  which  occurred  on  the  27th  of  August, 
B.C.  413,  and  so  frightened  Nicias  and  the  Athenian  army  in  Siciv 
that  it  caused  the  delay  in  the  retreat  from  Syracuse  which  led  to 
the  destruction  of  the  whole  army,  the  Professor  says;— "T^® 
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unscientific  mind  finds  it  far  easier  to  understand  how  the  Moon 
can  cast  her  shadow  on  the  Sun  than  how  the  Moon  herself  can 
be  entangled  in  the  shadow  of  the  Earth."  Surely  it  is  quite  as 
difficult  for  the  scientific  as  the  unscientific  mind  to  comprehend 
how  the  Moon  or  any  other  body  can  cast  its  shadow  on  the  Sun 
from  which  it  derives  its  light.  Canon  Taylor  reviewed  this  volume 
in  the  *  Academy'  for  May  14,  1892,  and  justly  characterizes  the 
misconception  as  astounding,  whilst  pointing  out  that  it  cannot 
be  a  mere  slip  or  misprint,  because  it  is  repeated  in  the  Appendix. 
The  fact  is  that  Ereeman  utterly  ignored  all  modern  knowledge 
and  threw  himself  astrouomically  into  the  position  of  the  ancients 
of  those  times,  though  even  so  his  language  is  a  little  loose.  They 
do  not  seem  to  have  grasped  the  idea,  simple  as  it  is  to  us,  of 
opaque  bodies  like  the  Earth  and  Moon  casting  a  conical  shadow 
on  the  side  opposite  to  that  of  the  Sun ;  therefore  they  found  it 
more  easy  to  understand  a. solar  eclipse  than  a  lunar,  because  it 
seemed  natural  that  the  Moon  should  sometimes  pass  wholly  or 
partly  between  us  and  the  Sun,  obscuring  its  light  partially  or 
totally  (as  Pericles  illustrated  the  matter  to  his  boatman  by  the 
interposition  of  his  cloaky,  but  were  at  a  loss  to  conceive  what  body 
could  come  between  us  and  the  Moon,  cutting  off  the  whole  or  a 
part  of  her  light. 

The  moral  of  the  mistake  in  question  is  tins,  that  the  elementary 
facts  of  astronomy  should  be  more  generally  inculcated  ;  and  there 
is  no  reason  why  these  should  not  be  taught  to  young  people 
before  they  can  enter  on  a  mathematical  study  of  the  science. 
Yet,  when  I  recently  proposed  at  a  meeting  of  Convocation  of  the 
University  of  London  that  this  should  form  a  part  of  the  entrance 
examination,  I  was  opposed  (by  a  doctor — not^  I  need  hardly 
remark,  a  doctor  of  science)  on  the  ground  that  elementary 
astronomy  does  not  help  to  a  training  in  habits  of  observation. 
The  confusion  of  thought  here  is  between  technical  and  profes- 
sional observing  with  a  telescope  and  ordinary  observation  with 
the  eyes,  which  should  precede  the  other,  and  of  which  young 
people  are  quite  capable.  Yours  faithfully, 

Blackheath,  1897,  May  15.  W.  T.  Ltntst. 


OBSERVATORIES. 

Cambktdge  University. — The  opening  paragraph  of  the  Report 
which  the  Observatory  Syndicate  made  to  the  Senate  on  1897 
June  I  is  of  such  importance  that  it  deserves  quoting  verbatim. 
The  Syndicate  report  "that  the  term  of  five  years  for  which 
Mr.  Newall  undertook  to  take  charge  without  salary  of  the  Newall 
Telescope  has  expired.  They  are  glad  to  say  that  they  have 
received  from  Mr.  Newall  an  offer  to  forego  the  receipt  of  a  salary 
for  a  further  term  of  five  years.  They  think,  however,  that  the 
provision  of  a  stipend  for  the  Newall  observer  is  an  urgent  claim 
on  the  funds  of  the  University." 
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Beyond  this,  the  Eeport  coneistvS  of  two  statements  by  Sir  Eobert 
Ball  and  Mr.  Newall  respectively  on  the  work  of  the  two  branches 
of  the  Observatory  duHng  the  period  1896  May  to  1897  May. 
The  first  of  these  announces  that  the  zone  +25°  to  +30°  of  the 
'Catalog  der  astronomischen  Gesellschaft,'  which  has  been  the 
staple  work  of  this  Observatory  for  the  last  25  years,  is  now 
published.  We  offer  congratulations  to  Mr.  Graham  on  the 
completion  of  his  work,  and  hope  to  take  the  opportunity  of 
reviewing  this  on  some  future  occasion.  Sir  llobert  Ball  also  reports 
that  the  preparation  for  press  of  the  complete  Catalogue,  which  is 
to  contain  the  individual  observations  of  each  star,  is  well 
advanced  and  will  be  printed  by  the  University  Press  shortl3% 
Discussion  of  these  observations  has  been  made,  showing  as  a 
result  that  the  probable  error  of  an  observation  in  R.A.  is  o''o66o8 
+  o'*ooo4,  in  Decl.  o"-5o79  +o"*oo3i. 

The  making  of  the  new  Photographic  Telescope,  now  in  the 
workshop  of  Sir  Howard  Grubb,  is  being  pushed  on,  and  plans  for 
the  building  have  been  prepared.  It  is  possible  that  this  may  be 
erected  during  the  present  summer.  It  is  proposed  to  devote  this 
new  instrument  to  the  determination  of  stellar  parallax,  and  a 
scheme  of  operations  is  being  devised.    / 

The  subject  matter  of  Mr.  Newall's  report  was  given  by  him  in 
his  paper  to  the  Eoyal  Astronomical  Society  which  we  reported  in 
our  last  number.  .,  As  supplementing  that  short  abstract  it  may  be 
stated  that  the  early  trouble  Mr.  Newall  spoke  of  was  due 
to  the  fact  that  he  •  considers  it  essential  in  determination  of 
velocity  ol'  stars  in  theline  of  sight  by  comparison  of  spectra,  that 
the  comparison  spectrum  should  be  tixed  irrevocably  on  the  plate 
by  the  instrument,  and  that  its  position  should  not  be  at  the 
control  of  the  observer;  he  tried  to  make  arrangements  to 
effect  this,  but  in  spite  of  the  greatest  care,  comparison  with 
the  Potsdam  results  showed  that  a  displacement  such  as  it  was 
designed  to  obviate  did  exist,  and  this  was  traced  after  much 
labour  to  the  unpremeditated  action  of  a  spring  on  the  frame 
of  the  spectroscope.  This  difficulty  has  been  got  over,  and  the 
spectroscope  is  now  in  satisfactory  working  order,  as  will  be 
judged  from '  the  following  comparison  of  the  measures  made  by 
Mr.  Newall  with  those  made  by  Profs.  Vogel  and  Scheiner  at 
Potsdam.     The  results  are  given  in  kilometres  per  second: — 


Newall. 

a  Tauri -f  49*2 

a  Orionis +  io'6 

a  Canis  Min \  ~"   ^  ^  I 

I-   4-9  J 
/3Geminorum  ....      -   07 

y  Leonis    <  ~"  ^  ^  - 

l-37'5 

a  Bootis    -   ~   5  S 
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-f47'6 
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-h    i'9 
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—    7'o 


Scheiner. 

+  49*4 
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-ID'S 

+   0-4 

-40-5 
-    8-3 
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Belopolsky's  result  for  a  Bootis  is  —57,  and  Keeler's  —6-8. 
Xn  the  column  under  the  name  **Newall"  the  results  of  two 
distinct  determinations  are  given  in  some  cases. 

The  earlier  photographs,  although  of  little  value  for  the  purpose 
:£or  which  they  were  intended,  viz.,  for  determination  of  velocity  of 
approach  or  recession  of  stars,  nevertheless  form  valuable  material 
for  the  study  of  the  nature  of  the  spectra  of  various  stars. 


EoYAL  Observatory,  Edinbubgh. — The  seventh  annual  Eeport 
of  the  Astronomer  Royal  for  Scotland,  being  the  iirsfc  issued  from 
the  new  Observatory  on  Blackford  Hill,  is  largely  devoted  to  the 
history  of  early  arrangements  in  setting  up  instruments  and 
dilKculties  due  to  the  Hitting  to  the  new  home.  The  Transit 
Circle  is  at  present  used  for  time  observations,  and  it  is  satisfactory 
to  find  that  the  settling  of  the  piers  which  were  put  up  in  May 
1S93  has  produced  errors  of  only  6"  and  2"  in  level  and  azimuth 
respectively. 

The  Time  Service  and  meteorological  observations  have  been 
carried  on  without  intt^rmission  since  the  beginning  of  1896.  Since 
August  1896  the  bifijar  pendulum  apparatus  for  automatically 
recording  earth-tremors  has  been  in  action,  and  on  several 
occasions  deflections  corresponding  to  earthquake  shocks  have  been 
recorded.  As  to  astronomical  observations,  Dr.  Halm  has  used  the 
1 5-inch  refractor  for  observations  of  positions  of  comets  and  minor 
planets,  which  have  been  communicated  to  the  '  Monthly  Notices,' 
and  also  with  the  large  Cooke  spectroscope  for  observation  of 
planets  and  nebulae. 

The  new  reduction  of  the  right  ascensions  of  stars  observed  by 
the  late  Prof.  Henderson  at  Caiton  Hill  in  the  years  1834-45  has 
been  continued.  It  seems  that  some  discordances  have  been  noted 
in  these  observations,  which  have  been  ascribed  to  two  causes. 
Pirst,  it  was  suggested  by  Prof.  Henderson,  and  afterwards  by 
Piazzi  Smyth,  that  the  level  and  azimuth  errors  were  dependent 
on  the  temperature,  as  registered  by  a  thermometer  placed  a  few 
inches  beneath  the  soil.  Corrections  due  to  this  cause  have  been 
evaluated  and  applied.  Secondly,  there  seems  to  have  been  a  large 
difference  in  the  recorded  transits,  according  to  which  end  of  the  axis 
of  the  instrument,  which  was  used  in  both  positions,  was  east  or 
west.  It  has  been  assumed  that  this  difference  is  due  to  want 
of  symmetry  in  the  illumination  of  the  field  of  view  by  the  lamp. 
By  applying  an  "  Illumination  Correction  *' as  it  is  termed,  the 
accidental  errors  have  been  greatly  reduced,  and  Dr.  Copeland 
thinks  that  very  good  results  are  to  be  expected  from  these 
observations  of  Henderson. 


Paeis. — Very  naturally  M.  Loewy  opens  his  Report  to  the 
Observatory  Council  for  the  year  1896  with  a  graceful  tribute  to 
the  memory  of  his  lamented  predecessor,  M.  Tisserand.  He  next 
proceeds  to  refer  to  two  other  events  of  the  year,  the  Astrographic 
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Conference,  and  the  Conference  on  Astronomical  Constants,  which 
took  place  at  Paris  in  May  last.  The  M^ork  of  the  Observatory  is 
conveniently  reported  on  in  sections,  an  arrangement  which  we 
will  here  follow. 

Meridian  Observations. — With  the  great  meridian  circle  obser- 
vations have  been  made  for  the  revision  of  the  declinations  of  the 
fundamental  catalogue  of  the  Paris  Observatory,  a  work  which  was 
begun  in  May  1895.  ^^^  Gam  bey  instruments  and  the  transit- 
circle  "  of  the  garden  "  have  been  devoted  to  observations  of  stars 
of  Lalande's  catalogue,  the  revision  of  which  is  proceeding  apace. 
Altogether  12,954  meridian  observations  of  stars  have  been  made 
and  237  of  the  Sun,  Moon  and  planets. 

Equatoriah. — The   great    equatorial  coude   has  been   used  on 
several   nights   to  make  photographs  of   the   Moon,  which  will 
form  part  of  '  T Atlas  pbotographique  de  la  Lune,'  the  first  volume 
of  which  has  been  published  during  the  year.     M.  Loewy  relates 
with  regret  that  the  weather  was  very  unfavourable  during  1896 
for  this,  as  well  as  for  the  other  classes  of  work.     MM.  Loewy 
and  Puiseux  have  exercised  themselves  to  find  a  means  of  making 
the  photographic  plate  automatically  follow  the  motion  of  the 
Moon  in  both  elements,  and  have  contrived  an  arrangement  for 
making  the  plate  move  with  respect  to  the  telescope.     They  are 
of  opinion  that  the  shortness  of  exposure  required  for  the  Moon 
renders  steering  by  hand  impracticable.     The  smaller  equatorial 
has  been  used  for  observations  of  small  planets,  and  the  equatorial 
in  the  western  tower  besides  being  used  for  the  ordinary  observa- 
tions of  comets,  occupations,  and  phenomena  of  Jupiter's  satellites 
as  they  occur,   has  also  been  used  by  M.  Bigourdan  to  make 
observations  for  a  catalogue,  on  which  he  is  engaged,  of  the  places 
of  all  nebulae  visible  from  Paris. 

The  Astrographic  Chart. — 140  Catalogue  plates  have  been  taken 
during  the  year,  but  the  weather  has  only  permitted  the  making 
of  three  chart  plates  of  the  ecliptic.  Each  of  these  is  exposed 
three  times  for  an  hour.  Sixty-one  catalogue  plates  have  been 
measured,  which  give  an  average  of  496  stars  for  each  plate,  and 
the  reduction  of  these  is  proceeding. 

M.  Deslandres's  section  on  spectroscopy  relates  mainly  to  the 
eclipse  expedition  to  Japan.  Before  April,  however,  the  researches 
which  are  the  usual  work  of  this  department  were  continued. 
Nineteen  photographs  of  spectra  of  stars  for  determination  of 
velocity  in  the  line  of  sight  were  taken  and  observations  of  the 
chromosphere  and  prominences  were  made. 

The  Eeport  refers  to  the  Paris  Catalogue  of  stars,  of  which  the 
third  volume  ( 1 2**  to  18**)  has  been  published  during  the  year,  as 
well  as  the  corresponding  volume  of  observed  places.  It  is 
expected  that  this  will  be  finished  in  the  year  1900. 

BiDSTON  Observatory,  Liverpool. — From  his  Report  for  the 
year  1896  we  gather  that  Mr.  W.  E.  Plummer,  the  Director  of 
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this  Observatory,  devoted  his  energies  during  the  year  mostly  to 
meteorology.  A  Dines  Tube  Anemometer  has  been  set  up  in  a 
suitable  position  at  a  height  ten  feet  above  the  older  anemometers, 
and  a  comparison  of  the  results  given  by  these  instruments,  and 
an  interesting  description  of  the  determination  of  the  scale  of  the 
Dines  anemometer,  fills  a  large  part  of  the  Keport.  Of  the  astro- 
nomical instruments,  the  Transit  has  been  used  for  the  determi- 
nation of  Time,  and  has  also  been  used  by  students,  under 
Mr.  Plummer's  superintendence,  for  educational  purposes.  Obser- 
vations of  comets  have  been  made  with  the  equatorial,  which 
continues  to  perform  satisfactorily,  and  observations  of  En  eke 
Swift,  Perrine,  and  Brooks'  Comets  have  been  communicated  to  the 
Royal  Astronomical  Society.  But  the  weather  during  the  year  has 
not  been  very  favourable  for  astronomical  work. 


NOTES. 

Comet  Notes. — Ast.  Journ.  No.  406  contains  a  valuable  series 
of  observations  of  Brooks'  Periodic  Comet  (1889  V.  and  1896  VI.) 
made  at  the  Washington  Observatory,  and  extending  up  to  Feb.  4 
ixi  the  present  year.  Special  search  was  made  for  some  of  the 
companion  comets  which  were  seen  in  1889,  and  two  suspicious 
objects  were  in  fact  observed,  but  they  showed  no  motion  and 
were  probably  nebulae. 

We  gave  last  March  in  these  columns  a  search  ephemeris  for 
d' Arrest's  comet,  computed  by  M.  Leveau.  The  comet  was  in  lact 
picked  up  on  June  28  by  Mr.  Perrine  at  the  Lick  Observatory, 
the  B.A.  being  some  4  minutes  less  than  that  of  the  ephemeris, 
the  declination  practically  the  same.  Perihelion  passage  occurred 
about  May  2 1  and  the  brightness  is  now  steadily  declining. 

The  following  rough  ephemeris  (for  Paris  midnight)  is  from  that 
of  M.  Leveau,  corrected  by  the  observation  of  June  28 : — 


R.A. 

N.  Deo. 

R.A. 

N.  Deo. 

h  m   8 

0   4 

h  m  8 

0   / 

Aug.  I . . 

. .  3  27  0 

6  7 

Aug.  9 

3  43  0 

5  32 

5-- 

••  3  35  14 

5  51 

13 

3  50  18 

5  10 

It  will  be  seen  that  the  comet  is  a  morning  object,  rising  some 
4  hours  before  the  Sun  on  Aug.  5.  A.  C.  D.  C. 

MiN^OE  Plah^et  Notes. — Planet  350,  discovered  by  Charlois 
1892  Dec.  14,  has  been  named  Omamenta  (Ast.  Nach.  3429). 

A.  C.  D.  C. 

The  Constant  of  Pbeoession. — It  will  be  remembered  that  at 
the  Conference  held  at  Paris  last  May  it  was  resolved  by  the 
Superintendents  of  the  four  National  Ephemerides  that  from  the 
year  1900  the  same  fundamental  constants  of  astronomy  should  be 
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used  in  the  computations  of  all  these  puhlications,  and  the  task  of 
determining  the  exact  value  of  the  constant  of  precession  to  be 
used  was  left  in  the  hands  of  Prof.  Newcomb.  No  time  has  been 
lost  in  doing  this,  and,  without  waiting  for  the  official  publication, 
Prof.  Newcomb  has  published  an  abstract  of  his  research  and  his 
result  in ,'  Astronomical  Journal,'  No.  405. 

It  is  scarcely  necessary  to  say  that  for  the  determination  of  this 
constant  it  is  necessary  to  have  as  data  the  observed  places  of 
certain  stars  at  two  epochs  separated  by  a  considerable  interval, 
and  so  far  the  determination  is  similar  to  that  of  proper  motion. 
In  fact  the  problem  is  one  of  which  the  rigorous  solution  is  in- 
determinate, since  the  data  supply  one  equation  with  two 
.unknowns,  precession  and  proper  motion,  the  relative  values  of 
which  are  adopted  by  discussion  ot  various  extraneous  con- 
siderations. 

Prof.  Newcomb  took  as  the  basis  of  his  research  the  stars  of  the 
Auwers- Bradley  catalogue.  The  apparent  proper  motions  of  all 
these  have  been  computed  by  Dr.  Auwers,  go  the  data  were  ready 
to  hand.  Stripped  of  all  detail,  and  on  the  assumption  that  real 
proper  motions  are  distributed  among  the  stars  so  that  the 
algebraic  sum  over  the  whole  sky  is  zero,  the  mean  of  these 
apparent  proper  motions  would  give  a  correction  to  the  adopted 
constant  of  precession.  But  the  assumption  certainly  does  not 
represent  the  facts,  the  distribution  of  actual  proper  motion  does 
not  follow  the  law  of  error,  and  the  motion,  of  the  solar  sj'^stem  in 
space  causes  an  apparent  proper  motion  of  different  value  in 
diiferent  parts  of  the  sky.  These  things  Prof.  Newcomb  naturally 
has  taken  into  consideration,  and  determined  the  constant  in 
various  ways. 

First  by  what  he  calls  the  statistical  method.  Here,  dividing 
the  stars  into  quadrants  of  right  ascension,  and  the  stars  of  each 
quadrant  into  groups  according  to  magnitude,  he  finds  a  proper 
motion  in  each  group,  so  that  the  number  greater  and  the  number 
less  than  this  are  equal,  and  combines  these  mean  values  for  the 
groups  to  find  the  precession  constant.  In  his  second  method, 
making  the  effect  of  parallactic  motion,  or  proper  motion  due  to 
the  solar  motion,  an  unknown,  as  well  as  the  precession  constant, 
he  forms  equations  for  individual  stars,  and  solves  these  to  find 
values  of  the  constant  and  of  the  solar  motion.  Thirdly,  he  uses  a 
method  of  dividing  the  stars  into  zones  and  regions,  and  then 
another  method  by  choosing  coordinates  so  that  the  parallactic 
motion  is  eliminated.  The  research  also  contains  a  determination 
o\  the  value  of  the  constant  from  discussion  of  Dreyer's  com- 
parison of  Lalande's  catalogue  with  Schjellerup,  and  of  Boss's 
comparison  of  Lalande  with  the  Albany  catalogue.  The  results 
obtained  by  these  several  methods  differ  somewhat  among  them- 
selves, but  Prof.  Newcomb  has,  after  due  consideration,  adopted  a 
mean  value. 

The  resulting  values,  as  compared  with  those  of  Struve-Peters 
for  the  year  1850,  are  given  in  the  following  table : — 
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Struv^Petera.  Newcomb. 

General  Precession 5025"'24  5024'''53 

Luni-Solao'  Precession. .  . .      5038  -23  5036  '84 

Value  of  100  m     4607  '65  4607  'ii 

Value  of  100  n 2005  '64  2005  'ii 

The  Gbgenschein  ob  Zodiacal  Counteeglow. — This  pheno- 
xnenon,  which  possibly  belongs  to  the  domain  of  meteorology  rather 
"than  to  astronomy,  is  little  known  to  most  persons,  but  as  it  is 
observed  by  the  naked  eye  it  might  be  a  subject  of  interesting  study 
to  many.  Prof.  Barnard,  of  Yerkes,  has  made  this  object  peculiarly 
his  own,  and  published  in  '  Ast.  Journal,'  Np.  403,  a  little  table  of 
results  from  observations  made  during  the  past  fourteen  years. 
In  an  earlier  number  of  the  same  journal  (No.  168,  1888 
March  23)  he  wrote  :  "  When  first  seen  in  the  fall  it  is  a  roundish 
mass  of  hazy  light  about  ten  degrees  in  diameter;  and  though 
probably  very  slightly  so,  it  is  not  perceptibly  brighter  in  the 
middle.  Observations  on  successive  nights  show  that  it  has  a 
decided  motion  eastward  among  the  stars,  and  that  it  lies  on,  or 
very  close  to,  the  Earth's  orbit,  and  its  longitude  differs  by  very 
nearly,  if  not  exactly,  180°  from  that  of  the  Sun.  After  passing 
the  vernal  equinox  in  the  latter  part  of  September,  a  perceptible 
change  takes  place  in  its  form,  a  faint  zodiacal  band  beconies 
visible,  extending  from  it  some  distance  on  each  side,  and  the 
counterglow  assumes  an  elliptical  form ;  later  it  becomes  more 
flattened  and  the  band  of  light  more  distinct,  until,  finally,  this 
band  is  seen  at  midnight  connecting  the  evening  and  morning 
zodiacal  lights,  and  the  counterglow  a  mere  swelling,  scarcely 
denser  and  but  little  broader  than  the  band."  The  recently 
published  paper  corroborates  the  above  statement  to  some  extent. 
The  appearance  in  March  and  April  appears  to  be  similar  to  that 
in  September  and  October,  but  this  is  not  so  well  established,  and, 
as  has  been  before  noticed,  the  Gegenschein  lags  behind  the  Sun, 
that  is,  its  longitude  from  the  Sun  has  been  observed  to  vary  from 
i79°*4  to  179^*9.  Its  average  latitude  is  about  +o°*7.  The 
phenomenon  is  not  equally  well  seen  in  all  places  and  under  all 
atmospheric  conditions,  but  Prof.  Barnard  says  that  it  does  not 
require  a  very  transparent  sky  to  see  it.  At  Yerkes  it  is  so  easily 
visible  that  nearly  everyone  connected  with  the  Observatory  has 
seen  it,  though  they  were  not  familiar  with  it  before. 

The  EoTATioN  or  Jitpitee's  Satellites. — In  our  last  number 
we  briefly  mentioned  a  result  published  by  Mr.  Douglass,  of  the 
Lowell  Observatory,  as  to  the  time  of  rotation  on  their  axes  of  the 
third  and  fourth  satellites  of  Jupiter.  In  Ast.  Nach.  No.  3432 
he  gives  the  observations  on  which  the  result  for  the  third  satellite 
depends.  The  observations  consist  of  drawings  of  markings  seen 
on  the  satellite  on  each  day  from  Peb.  20  to  March  12,  except 
Feb.  26  and  March  11.  The  markings  are  shown  by  three  or  four 
lines   drawn    with   the   utmost  distinctness,   their  arrangement 
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showing  a  different  conformation  on  consecutive  days  in  all  cases, 
but  the  same,  or  nearly  the  same,  conformations  recur  every 
seven  days.  Taking  the  markings  for  seven  consecutive  days, 
Mr.  Douglass  joins  these  together  to  form  a  map  of  the  satellite. 
Now,  says  he,  if  this  be  a  true  map,  the  conformations  can  only 
be  seen  at  the  times  they  have  been  seen  if  either  the  satellite 
rotates  directly  in  about  21  hours,  in  a  retrograde  direction  in  27 
hours,  or  in  a  period  of  about  7**  direct  motion.  The  first  two 
hypotheses  are  excluded  because,  from  drawings  made  at  epochs 
separated  by  intervals  of  3  hours,  the  markings  are  essentially  the 
same,  showing  that  the  rotation  during  ^  does  not  approach  one- 
eighth  of  a  revolution.  The  exact  times  of  the  drawings  of  the 
longer  series  are  not  given,  so  that  there  is  no  means  of  tracing 
the  exact  result;  but  Mr.  Douglass  gives  this  as  7**  5*^'i  ±i*''2, 
which  is  i^  longer  than  its  period  about  Jupiter. 

MiCEOMETRICAL     MbASTJBES    OF    THE    JOVIAN     SYSTEM. — Herr 

Brenner  has  favoured  us  with  the  following  early  results : — 

*'  The  reduction  of  my  measures  of  Jupiter  and  his  satellites 
give  the  following  mean  results: — 


Jupiter,  polar  diameter 
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equatorial  diameter. . . 
Satellite    I.,  polar  diameter  . .  . 
II.,  polar  diameter . .  . 
II.,  equatorial  diameter. 
III.,  polar  diameter. .  . 
„      III.,  equatorial  diameter    .  1*704   +0*0217 
„      lY.,  polar  diameter  ...        i"345   +o*ooio 
„       IV.,  equatorial  diameter        1*550   +0*0161 

"  A  detailed  report  on  these  and  other  measures  will  soon  be 
published  in  the  '  Astronom.  Nachrichten.' 

"  Manora  Observatory."  "  Leo  Beenioje." 

The  Asteonomical  and  Physical  Society  op  Toeonto. — We 
have  had  sent  us  tlie  volume  of  '  Transactions  of  the  Astronomical 
and  Physical  Society  of  Toronto'  for  1896,  a  publication  the 
reading  of  which  always  supplies  something  of  interest.  It  :»lways 
seems  to  us  that  this  Society  is  in  many  ways  a  model  popular 
scientific  society — not  too  scientific,  but  just  scientific  enough. 
There  is  not  very  much  astronomy  in  the  book  that  one  could 
quote,  but  mention  must  be  made  of  the  President's  (Mr.  John  A. 
Paterson)  excellent  address  on  the  progress  of  astronomj'  during 
the  year.  He,  by  the  way,  calls  the  notice  issued  by  the  Eoyal 
Astronomical  Society  relative  to  the  admission  of  ladies  to  its 
meetings  a  "  haughty  rule  of  exclusiveness,"  and  congratulates 
Toronto  that  she  is  not  as  London  is.  Mr.  Lindsay  gives  a 
chapter,  as  sequel  to  one  in  1895,  on  the  history  of  the  '  Nautical 
Almanac,'  in  which  he  wanders  away  into  descriptions  of  other 
almanacs  and  diaries,  and  gives  much  information  in  a  pleasantly 
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discursive  way.  Mr.  Stupart,  Superintendent  of  the  Meteoro- 
logical Service  of.  Canada,  attended  the  Meteorological  Conference 
at  Paris  in  September  1896,  and  relates  his  experiences  there,  and 
also  at  some  English  observatories  which  he  visited  ;  but  he  seems 
to  have  taken  home  with  him  an  idea  which  we  should  hke  to 
correct,  namely,  that  at  Greenwich,  in  the  measurement  of  sun- 
spots,  "  less  importance  is  attached  to  the  position  of  sun-spots  than 
to  the  total  area  covered  by  them."  We  are  really  unable  to 
attach  any  accurate  meaning  to  his  remark.  Positions  aud  areas 
are  both  measured  and  reduced,  it  is  believed  with  equal  accuracy — 
that  is,  if  it  be  possible  to  compare  the  accuracy  of  the  measure  of 
an  area  with  that  of  a  distance.  Certainly  there  is  no  idea  in  any 
one's  mind  that  the  positions  are  unimportant.  We  congratulate 
this  Society  on  its  evidently  healthy  condition. 

The  opening  celebration  of  the  Yerkes  Observatory  is  fixed  for 
September  30.  No  doubt  astronomers  who  go  to  Toronto  for  the 
meeting  of  the  British  Association  will  find  it  convenient  to  stay 
for  the  ceremony  at  Yerkes.  We  hear  that  a  programme  of 
conferences  on  astronomical  and  astrophysical  subjects  has  been 
planned,  which  may  occupy  about  a  week.  The  unfortunate 
accident  to  the  floor  of  the  great  dome  is  being  remedied  as  quickly 
as  possible,  aud  the  telescope  may  be  in  use  by  the  early  part  of 
August.  

The  U.S.  Naval  Obsbevatory. — From  various  reasons  lately 
we  have  suspected  that  things  were  not  going  smoothly  at  the 
United  States  Government  Observatory.  A  note  in  the  July 
number  of  *  Popular  Astronomy '  tells  us  this  openly,  but  leaves  us 
as  much  in  the  dark  as  ever  as  to  the  exact  form  the  trouble  is 
taking,  and  as  to  the  reason  for  it.  The  not^e  says  : — "  It  cannot 
be  due  to  the  change  in  administration,  for  several  of  the  men  are 
about  ready  to  be  retired  on  account  of  age  and  long  honourable 
service,  nor  for  differences  of  scholarly  opinion,  because  the 
routine  work  of  that  great  Observatory  generally  involves  only 
matters  in  astronomy  the  debateable  part  of  which  science  has 

settled  long  years  ago What  is  the  ^natter  with   the 

working  staff  of  our  National  Observatory  ? "  We  w<mder 
whether  the  writer  of  the  note  is  as  ignorant  as  he  would  have  us 
believe,  or  is  this  "  wrote  sarcastic  "  ? 


The  Eadcliffb  Obsbbvatoey. — The  post  of  Eadcliffe  Observer 
in  the  University  of  Oxford,  vacant  by  the  death  of  Mr.  E.  J. 
Stone,  has  been  filled  by  the  election  of  Dr.  A.  A.  Bambaut, 
Director  of  the  Dunsink  Observatory  and  Astronomer  Eoyal  for 
Ireland,  to  whom  we  offer  our  warmest  congratulations. 

We  also  have  to  congratulate  Mr.  G.  J.  Symons,  F.E.S.,  the 
Editor  of  our  contemporary  the  *  Monthly  Meteorological  Maga- 
zine,' who  has  been  awarded  the  Albert  Medal,  with  the  approval 
of  the  Prince  of  Wales,  for  services  rendered  to  engineering  science 
and  the  country  generally  by  recording  and  tabulating  rainfall. 
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Wb  are  informed  that  Mr.  Joseph  Liint,  B.Sc,  has  been 
appointed  Physical  Assistant  at  the  Eoyal  Observatory,  Cape  of 
Good  Hope.  He  will  probably  be  placed  in  charge  of  the  McClean 
telescope. 

The  occultation  of  the  Pleiades  on  the  morning  of  July  24  (civil 
day)  was  well  observed  at  Greenwich. 


From  an  Oxford  Note-book. 

At  the  June  meeting  of  the  Eoyal  Astronomical  Society  the 
Chairman  read  the  Address  which  it  was  proposed  to  present  to 
the  Queen  in  this  year  of  Great  Jubilee.  The  address  was 
presented  to  the  Prince  of  Wales,  on  behalf  of  the  Queen,  on 
July  21,  by  a  deputation  consisting  of  the  President  and  one  of 
the  Secretaries.  The  President  was  the  fortunate  possessor  of  a 
beautiful  Court  dress,  and  looked  truly  magnificent ;  and  even  the 
Secretary  had  bought  a  new  coat  for  the  occasion,  though  he  took 
advantage  of  the  gracious  permission  accorded  to  those  "  not 
accustomed  to  Court  dress"  to  appear  in  ordinary  garb.  The 
deputation  was  number  16  on  the  list  of  some  30  or  more,  and 
came  at  tlie  tail  end  of  the  first  draft  of  16  admitted  into  the 
ceremonial  chamber.  The  critical  moment  was  thus  anticipated 
from  a  gradually  decreasing  distance,  during  which  the  deputation 
observed  the  Court  gestures  of  its  predecessors  and  nervously 
endeavoured  to  select  the  most  appropriate  from  the  variety  sub- 
mitted for  inspection.  In  the  event  the  President  could  scarcely 
bear  to  part  with  the  Address  after  all ;  and  only  yielded  it  up  on 
the  special  request  of  His  Eoyal  Higliness  :  and  the  deprivation 
caused  him  so  much  emotion  that  he  turned  hastily  away  without 
the  gracious  reply,  for  which,  however,  he  was  persuaded  to  return: 
But  although  the  deputation  thus  secured  to  itself  a  double  or 
treble  portion  of  the  Eoyal  attention,  the  whole  proceedings:  only 
occupied  a  few  minutes.  They  commenced  at  11.36  sharp,, and  by 
11.45  deputation  number  16  was  getting  its  hats  and  umbrellas.* 


On  the  occasion  of  the  former  or  Lesser  Jubilee  in  1887  the 
Queen  received  a  similar  address  in  person  from  the  President 
and  Secretary  of  the  time :  and  Mr.  Knobel  took  the  roll-book 
and  obtained  Her  Majesty's  signature  as  the  Patron  of  the  Society, 
a  piece  of  thoughtfulness  for  which  the  Society  is  much  indebted 
to  him.  The  book  was  not  signed  at  the  time  of  presentation  of 
the  Address,  but  was  taken  to  the  Queen  by  the  Lord  Chamberlai\i 
after  the  ceremony  was  concluded ;  and  it  is  whispered  that  it  wai 
examined  with  considerable  interest  by  the  Eoyalties  assemblea 
en  famille.  '  - 

In  a  notice  in  the  'Daily  Telegraph'  of  the  splendid  'Naval 
Eeview  at  Spithead  on  June  26  Mr.  Edward  Didey  writes  : — "Ad 
old  salt  on  board  remarked,  in  my  hearing,  that'thd  guns  (I  omit 
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the  expletives)  would  bring  down  the  rain  as  sure  as  eggs  is  eggs. 
The  weather,  however,  looked  as  if  summer  had  set  in  to  last  for 
months,  and  the  prophecy  met  with  the  derision  which  prophets 
have  always  undergone  since  the  days  of  Cassandra."  Neverthe- 
less we  had  a  violent  storm  within  an  hour  or  two  afterwards.  I 
do  not  know  how  the  evidence  for  guns  bringing  down  rain  stands 
at  present ;  but  I  imagine  there  is  some  on  the  positive  side :  and 
there  are  occasions  when  it  would  seem  well  tp  give  ourselves  the 
benefit  of  the  doubt.  Thus  if  rain  is  badly  wanted,  and  guns  are 
handy,  their  efficacy  might  be  tried  in  favour  of  the  farmer ; 
though  of  course  it  costs  money  to  fire  guns,  and  the  remedy  may 
be  more  expensive  than  the  disease.  There  is,  however,  another 
side  to  the  question  which  affects  the  astronomer.  Dr.  Common 
declares  that  they  might  have  had  fine  weather  in  Norway  for  the 
eclipse  of  last  August  but  for  the  heavy  firing  with  which  a  Eoyal 
birthday  was  celebrated.  Now  an  eclipse  is  an  occasion  when  it  is 
important  not  to  throw  away  even  the  shghtest  chance  of  fine 
weather ;  and  thus  if  there  is  the  merest  jot  or  tittle  of  evidence 
for  firing  imperilling  the  chances,  it  seems  advisable  to  abstain 
from  it.  Here  there  is  no  certain  expenditure  for  uncertain  gain, 
but,  on  the  other  hand,  a  certain  saving,  and  the  regulations  of 
our  Services  could  be  relaxed  in  such  exceptional  cases  without 
hurting  anyone. 

The  subject  of  personal  equation  seems  to  have  a  great  fascina- 
tion for  those  whom  I  will  venture  to  call  the  astronomical  public. 
Prof.  T.  H.  SafPord  recently  contributed  a  paper  to  the  Eoyal 
Astronomical  Society  on  personal  equation  which,  to  speak  frankly, 
did  not  seem  to  me  to  contain  anything  very  new  or  important, 
but  which  the  more  popular  magazines  have  nearly  all  noticed  at 
some  length.  It  will  be  almost  a  pitj'  if  we  manage  tp'^t  rid  of 
personal  equation  by  the  photographic  method,  as  some  of  us  hope ; 
for  it  will  remove  a  link  between  the  professional  astronomer  and 
the  dilettante  (this  is  a  politer  term  than  "  astronomical  public  "  ; 
I  wish  I^  had  thought  of  it  before)  in  the  shape  of  a  topic  at  once 
important  and  intelligible  to  •  b6th.  Peiiiaps  w^'  may  adopt 
towards  these  attempts  to  eliminate  the  obs^rvet'  the  attitude  of 
the  old  golfer,  to  whom'  the  merits  of  a  new  patent  invention 
calculated  to  immensely  improve  driving  had  Just  been  expounded, 
and  who  sighed, "  Well !  all  I  can  say  is,  1  hope  it  won't  succeed." 

Haying  spoken  rather  disrespectfully  of  Prof.  SafPord'  paper,  it 
^eams  only  fair  to  say  something  on  the  subject  myself,  so  to  at  he 
can  have  a  .sbot  at  me,  if  desirable.  •  Some  years  ago  I  made  some 
nxpdrimentff  wTiich  seemed  toshow4;hat  personal  equation  niight 
be;goti  ridoof  if»by  anymean'sitheH)bserver  could  make  his  observa- 
iiph  5pdtl»one  sense  only.  '^In'the  eyfe-And-ear  nifethod  he  uses  two 
senses^as:  the  hlime  implies  ^*  aiid  iii  li^i^fhronographic  method  he 
uses  ^ht  and'touch.  The  want  of  cbdrdiBatiori  between  the  pair 
of  senses  introduces  personaHty.-    But  if  we  make  the  clock-beats 
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visible  as  well  as  audible,  so  that  the  eye  alone  is  used,  we  ought 
to  get  rid  of  personality.  A  rough  experiment  was  first  made 
as  follows  : — On  the  wall  of  a  room  provided  with  windows  and 
shutters,  a  bead  representing  an  artificial  star  was  made  to 
transit  a  series  of  black  lines  representing  wires,  and  seconds 
were  tapped  off  with  a  hammer.  Several  observers  noted  the 
transits,  and  their  results  were  affected  with  sensible  and  constant 
personalities.  The  hammer  was  now  laid  aside  and  the  room 
darkened  by  closing  all  the  shutters,  except  that  one  shutter  was 
flashed  open  every  second.  The  bead  was  made  to  travel  over  the 
wires  as  before,  and  its  transit  observed  by  noting  its  successive 
positions  at  the  only  instants  when  it  was  visible.  The  observers 
then  all  agreed — the  eye  alone  was  conc*erned,  and  their  person- 
alities disappeared.  An  attempt  was  then  made  to  apply  the 
method  to  the  transit-circle  :  a  screen  in  front  of  the  eyepiece 
being  lifted  every  second  by  an  electromagnet.  But  it  was  found 
that  the  action  of  the  electromagnet  varied  with  the  inclination  of 
the  telescope,  and  I  had  not  time  to  follow  the  matter  up  and 
overcome  the  practical  difficulties. 

Theee  seems,  however,  little  doubt  that  the  photographic  method 
will  give  us  information  nearly,if  not  quite,  complete  on  this  subject. 
Mr.  Hinks  has  shown  (M.  N.,  vol.  Ivii.  April)  how  photographs 
taken  in  the  ordinary  way  with  an  equatorial  will  detect  variation 
of  personality  with  stellar  magnitude ;  and  some  form  of  photo- 
graphic transit  will  doubtless  be  in  regular  use  before  long. 
{Several  have  already  been  proposed  or  are  actually  at  work ;  and 
Trof.  Wadsworth,  of  the  Terkes  Observatory,  tells  me  that  he  has 
another  form  in  view.  His  name  reminds  me  to  draw  attention 
to  the  substitute  for  spider-lines  in  the  shape  of  silvered  quartss- 
fibres.  The  idea  is,  of  course,  not  new,  for  it  is  some  time  since 
Mr.  Boys  invented  quartz-fibres,  and,  to  my  own  knowledge,  at 
least  one  English  instrument-maker  has  tried  them  for  use  in 
telescopes.  Bat  he  did  not  succeed  with  them  for  some  reason — 
perhaps  he  did  not  silver  them ;  or  there  may  have  been  some 
other  cause  of  failure.  Thus  it  does  not  seem  superfluous  to  call 
special  attention  to  Prof.  Wadsworth's  remarks  on  the  subject 
(M.  N.,  vol.  Ivii.  June),  and  side  by  side  with  this  pai)er  is  one 
equally  interesting  and  important  on  sky-illumination,  which  I 
have  not  yet  fully  digested,  and  so  say  nothing  further  about. 

Can  any  kind  reader  tell  me  when  and  where  Mr.  Proctor  said 
something  about  a  comet  falling  into  the  Sun  this  year,  and 
"  bursting "  things  generally  ?  Several  nervous  correspondents 
have  written  on  the  subject,  and  I  could  only  tell  them  that  I  did 
not  know  the  original  reference  at  all ;  but  that  Mr.  Proctor  must 
certainly  have  modified  his  views  before  his  death,  for  he  had 
written  (almost  completely)  a  great  book  on  '  Old  and  New 
Astronomy,'  in  which  there  is  not  only  no  mention  of  this 
impending  disaster,  but  not  even  a  reference  to  comets  of  any  kind 
whatever ! 
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On  the  Photography  of  Planetary  Surfaces,  with  an  Intro^ 
ductory  Note  on  the  Application  of  Photography  to 
Astronomical  Research,  . 

No  one  who  has  followed  the  wonderful  development  of  astrono- 
mical photography  within  the  last  few  years  can  have  failed  to  be 
impressed  with  the  belief  that  the  time  is  not  far  distant  when 
photographic  records  will  take  the  place  of  direct  visual  observa- 
tions in  all  but  a  very  few,  perhaps  ultimately  in  all,  of  our 
fundamental  astrophysical  and  astronomical  investigations.  It  is 
necessary  to  refer  to  only  a  very  few  uses  to  which  photography 
has  of  late  been  applied  to  bear  out  this  view.  The  spectrograph, 
in  the  hands  of  such  investigators  as  Huggins,  Vogel,  Pickering, 
Keeler,  and  Campbell,  has  already  practically  superseded  the 
spectroscope  in  the  study  of  stellar  spectra.  The  spectroheHograph 
and  photoheliograph,  in  the  hands  of  Hale,  Deslandres,  Janssen, 
and  others,  have  given  us  details  on  the  solar  surface  that  probably 
never  would  have  been  obtained  by  visual  study ;  or  if  so,  obtained 
only  at  an  enormously  greater  sacrifice  of  time  and  energy.  The 
same  thing  is  true  to  even  a  greater  extent  as  regards  the  study  of 
the  solar  and  terrestrial  spectra.  The  results  achieved  by  Eowland 
and  by  the  investigators  who  have  followed  in  his  footsteps  are  the 
only  arguments  necessary  to  demonstrate  the  superiority  in  every 
way  of  photographic  methods  in  such  work.  In  the  study  of  the 
infra-red  spectrum  the  application  of  photographic  methods  of 
investigation  "  brings  results  superior  both  in  quantity  and  quality 
to  what  formerly  required  many  weeks  or  even  months  *'  (Presi- 
dential Address  before  the  American  Association  for  the  Advance- 
ment of  Science,  1895,  Nature,  Jan.  9, 1896,  p.  236).  The  results 
which  will  be  achieved  by  the  systematic  Astrographic  survey  of 
the  heavens,  now  going  on,  will  testify  to  the  advantage  of  photo- 
graphy in  star-charting  and  .  in  the  determination  of  relative 
stellar  magnitudes.  Think  what  a  length  of  time  would  have  been 
required  to  obtain  the  same  data  by  visual  observations,  if,  indeed, 
they  could  ever  have  been  obtained. 
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The  photographic  work  on  nebulae  and  star-clusters,  initiated 
by  Draper,  Pickering,  and  Common,  and  followed  up  with 
such  great  success  by  Barnard,  Wolf,  Wilson,  Eussell,  Eoberts, 
and  many  others,  has  given  us  entirely  new  conceptions  of  the 
wonderful  extent  and  complexity  of  the  celestial  world  in  the 
various  stages  of  its  development.  Lunar  photography,  in  the 
hands  of  the  Henry  Brothers,  Loewy  and  Puiseux,  and  Holden, 
has  given  us  for  the  first  time  authoritative  and  complete  charts 
of  the  surface  of  our  satellite.  Initiated  by  the  late  Professor 
Pritchard  in  1886,  photography  has  already  demonstrated  its  value 
in  the  accurate  determination  of  stellar  parallax.  In  the  hands  of 
Hagen,  Marcuse,  aud  others  the  photochronograph  is  proving  its 
vahie  in  meridian  and  zenith  telescope  observations.  More 
promising  still  are  the  plans  for  applying  photography  to  meridian 
work,  recently  described  by  Russell  and  by  Turner.  The  advan- 
tages of  photography  in  the  determination  of  longitudes  have  been 
recently  described  by  Captain  Hills  (Meeting  of  E.  A.  S.,  May 
1 897 ;  '  Observatory/  June  1897).  And  now,  last  of  all,  the  domain 
of  double-star  work,  the  stronghold  of  the  older  school  of  observers, 
has  been  invaded  under  the  leadership  of  Christie  at  Greenwich. 
Photography  has  also  proved  its  value  for  discovery  in  astronomical 
work,  as  evidenced  by  the  discoveries  of  the  ultra-violet  lines  in 
solar  and  stellar  spectra,  the  discovery  of  Barnard's  comet  of  1894, 
and  the  discovery  of  many  new  asteroids,  nebulae,  and  faint  stars. 

But  it  is  unnecessary  to  enlarge  further  upon  this  subject,  which 
has  been  far  more  ably  treated  than  I  could  hope  to  do  by  Eussell 
in  his  recent  Presidential  Address:  "Progress  of  Astronomical 
Photography"  (British  Association  for  the  Advancement  of  Science 
for  1894).  His  introductory  remarks,  which  I  take  the  liberty  o£ 
quoting  below,  express,  I  believe,  the  opinion  of  most  astronomers 
and  astrophysicists  of  the  present  day.  He  says: — "I  will  confine 
my  remarks  to  a  branch  of  one  of  our  subjects  which,  within  the 
past  twenty  years,  has  done  more  than  anything  else  to  accelerate 
the  progress  of  our  knowledge  and  to  extend  our  grasp  of  the 
grand  truths  of  astronomy.  I  refer,  of  course,  to  the  application 
of  photography  to  the  wants  of  astronomical  research.  CJoming  in 
at  first  as  another  possible  aid  to  the  observer,  it  has  alr^idy 
shown  us  that  in  many  cases  the  observer  must  stand  aside  while 
the  sensitive  photographic  plate  takes  his  place  and  works  with  a 
•power  of  which  he  is  not  capable ;  and  I  feel  sure  that  in  a  very 
few  years  the  observer  will  be  displaced  altogether,  while  his  duty 
will  be  done  by  a  new  sensitive  being,  not  only  taking  in  the  visual 
ray,  but  also  the  actinic  rays  in  the  ultra-violet — a  being  not  subject 
to  fatigue,  to  indigestion,  to  east  winds,  to  temper,  to  bias,  but  one 
above  all  these  weaknesses,  calm  and  unrufiled,  and  living  with 
all  the  world  shut  out,  only  to  catch  the  fleeting  rays  of  light  and 
tell  their  story. 

"  It  has  been  well  said  by  a  very  gifted  writer  [Miss  Clerke, 
'  History  of  Astronomy'],  that '  the  invention  of  the  telescope  itself 
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does  not  mark  an  epoch  more  distinctly  than  the  admission  of 
the  camera  to  the  celestial  armory.  All  the  conditions  of  sidereal 
research  in  especial  are  being  rapidly  transformed  by  its  co-opera- 
tion.' 

"  By  this  new  lever  the  progress  of  astronomy  is  being  urged 
forward  at  a  rate  which  accomplishes  more  in  ten  years  than  was 
possible  in  a  hundred  years  by  older  methods.  Its  whole  life- 
history  covers  but  fifty-three  years,  and  its  infancy  and  youth 
were  cramped  by  the  want  of  means  of  existence  and  growth  ; 
but  its  latter  years  have  been  marked  by  a  vigor  which  has  done  so 
much  that  I  shall  have  scarcely  enough  space  to  more  than  mark 
the  stepping-stones  in  that  onward  march;  to  trace  the  details 
would  take  volumes." 

To  show,  however,  that  there  are  still  some  astronomers  who 
are  not  in  sympathy  with  these  ideas,  I  quote  from  another  paper 
which  appeared  some  few  months  after  Mr.  Eussell's  address  had 
been  published  (Pop.  Astron.,  Eeb.  1895).  This  writer  says  (the 
italics  are  mine) : — "  The  majority  of  students  are  generally  en- 
couraged to  take  up  some  easy  task,  and  accordingly  of  late  years 
the  subject  of  'photography  has  been  a  great  temptation  to  the 
student,  the  amateur,  and  to  a  large  number  of  astronomers.  It  is 
hardly  necessary  to  add  that  while  amateur  photography  is  a 
harmless  amusement^  it  is  not  likely  to  lead  to  important  scientific 
results J^  Another  remark  of  the  same  writer  (Pop.  Astron.,  April 
1897),  is  so  very  apropos  of  these  opinions  that  I  cannot  refrain 
from  quoting  it  also  in  this  connection  : — "  Posterity  will  be  able 
to  decide  whether  persons  inclined  to  discredit  observations  on  the 
simple  ground  of  prejudice  are  in  any  way  superior  to  those  in 
past  ages  who  for  similar  reasons  have  persisted  in  being  behind 
and  in  ignorance  of  some  of  the  most  important  advances  of  these 
times." 

Considering  broadly  the  question  of  the  applications  of  photo- 
graphy to  astronomical  and  astrophysical  research,  we  see  that 
there  are  two  general  advantages  which  photographic  methods 
possess,  which  have  been  decisive  in  determining  respectively 
its  use  in  two  distinct  classes  of  work.  ist.  Eapidity  and  range 
in  obtaining  records  which  may  afterward  be  examined  and  dis- 
cussed at  leisure ;  this  has  determined  its  use  in  cases  where  the 
time  of  observation  was  limited,  as  in  the  case  of  eclipses,  occulta- 
tions,  transits,  <fcc.,  &c.,  or  where  it  is  desired  to  accomplish,  with  a 
minimum  expenditure  of  time,  labour,  and  instrumental  equipment, 
a  large  amount  of  work  of  a  routine  character,  such,  for  example,  as 
star-charting  ;  for  determining  either  (a)  position  and  magnitude, 
or  (5)  spectral  character  (many  new  nebulae,  asteroids,  spectroscopic 
binaries,  variable  stars,  <fcc.,  &c.,  and  one  new  comet,  have  been 
discovered  in  this  way).  2nd.  Accuracy  and  sensitiveness  in  the 
delineation  of  detail,  combined  with  freedom  from  "personal 
error  "  in  the  records  obtained.  These  last  advantages,  which  are 
not  80  generally  recognized  and  acknowledged  as  the  first  one,  are 
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discussed  more  at  length  by  the  writer  in  another  paper  in  the 
August  number  of  'Popular  Astronomy'  (" On  a  Comparison  of  the 
Photographic  and  of  the  Hand  and  Eye  Methods  of  Delineating 
the  Surface-markings  of  Celestial  Objects").     It  is  these  thatr 
render  photography  so  valuable  in  its  applications  on  the  one  hand^ 
to  the  determination  of  stellar  parallax  (Pritchard),  to  the  deter- 
mination of  right  ascensions  (Turner,  Eussell,  &e.),  to  longitude 
determinations  (Hills),  to  the  proposed  doublenstar  measurements 
(Christie) ;  and  on  the  other  to  the  mapping  of  solar  and  stellar 
spectra,  to  the  study  of  the  solar  surface  and  attendant  phenomena 
(the  solar  prominences,  facul»,  sun-spots,  <&c.),  to  the  delineation 
of  nebula)  and  comets  with  a  view  of  observing  any  changes  that 
take  place  in  these  bodies,  and  to  the  charting  of  details  on  the 
lunar  surface.    And  it  is  these  advantages  also  that,  as  I  pointed 
out  in  the  paper  just  referred  to,  ought  to  make  photographic 
methods  p]*e-eminent  in  the  study  and  delineation  of  the  surface- 
markings  of  the  planets.     As  yet,  however,  photography  has  not 
given  us  in  the  case  of  the  planets  results  which  are  comparable  in 
any  respect  with  the  advances  made  in  other  fields  of  astronomical 
research  by  its  use.    The  best  photographs  of  Jupiter,  Saturn,  and 
Mars  so  far  obtained  are  those  taken  by  Schaeberle,  Holden,  and 
Campbell  at  Lick,  and  by  Pickering  at  Wilson's  Peak ;  none  of  these 
show  as  much  detail  as  is  visible  even  with  a  comparatively  small 
telescope  at  intervals  of  good  "  seeing  "  on  these  planets.     Why  is 
this  ?  Conditions  of  definition  being  the  same  there  is  (up  to  a  certain 
limit  in  size,  which  is  determined  by  mechanical  rather  than  by 
optical  considerations)  no  reason  why  the  photographic  plate  should 
not  show  in  this  case,  as  it  has  undoubtedly  done  in  others,  all  and 
even  more  detail  (on  account  of  the  greater  resolving  power, aperture 
for  aperture,  of  the  photographic  objective)  than  can  be  visually 
observed.     The  principal  reason  for  its  failure  to  do  this  is,  I 
believe,  that  given  in   my  former  paper  ('Popular  Astronomy,' 
August),  viz.,  that  when  the  time  of  exposure  is  of  any  length,  as 
it  must  be  in  the  case  of  the  planets,  the  final  photograph  is  "  the 
resultant  effect  of  many  successive  impressions  which  may  differ  a 
good  deal  at  different  times,  owing  to  atmospheric  disturbances." 
"The  result  is  very  much  the  same  (though  produced  by  somewhat 
different  causes)  as  would  be  produced  by  printing  from  a  negative 

or  plate kept  in  continual  vibration  during  the  printing 

process The  eye  employs  no  such  process  of  sum- 
mation, but  makes  the  most  of  the  intervals  of  good  seeing^  being 
little  influenced  in  forming  the  mental  picture  either  by  slight 
movements  of  the  image  as  a  whole  or  by  occasional  intervals  of 
haziness  and  *  f  uzziness '  due  ro  momentary  atmospheric  or  instru- 
mental disturbances."  In  photographing  the  solar  and  lunar 
surfaces  and  nebulae  and  comets,  this  difficulty  in  the  use  of 
photography  does  not  enter  to  the  same  extent  for  several  reasons. 
In  the  first  place,  the  exposure  time  for  the  Sun  and  Moon  can  be 
much  shorter,  consequently  the  image  is  much  more  likely  to 
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remain  steady  during  the  whole  time  of  the  exposure.  In  the 
second  place,  in  the  case  of  nebulsB  and  comets,  the  details  to  be 
photographed  are  not  fine  lines  and  sbarply-defined  objects  like 
the  lunar  markings,  but  are  of  a  cloud-like  structure,  more  or  less 
coarse  and  indefinite  in  character,  and  are  therefore  much  less 
changed  in  appearance  by  atmospheric  disturbances.  Again,  the 
apertures  used  in  photographing  these  latter  objects  may,  on 
account  of  this  very  coarseness  in  structure,  be  of  comparatively 
small  size,  while  retaining  sufficient  resolving  power  to  show  prac- 
tically all  the  detail  that  exists.  Finally,  the  contrdst  between  such 
objects  and  the  sky,  upon  which  the  question  of  showing  faint 
details  almost  entirely  depends,  is,  as  I  have  shown  in  a  recent 
paper  ('Knowledge,'  August  1897),  a  question  of  the  linear 
aperture  of  the  image- forming  lens,  and  varies  inversely  as  the 
square  of  the  latter.  Hence  to  show  very  faint  details  small 
apertures  are  absolutely  essential,  the  very  condition,  fortunately, 
that  reduces  the  atmospheric  causes  of  difficulty  to  a  minimum. 
It  was  also  shown  (ibid.)  that  within  certain  limits,  principally 
determined  by  the  range  in  methods  of  photographic  development, 
the  time  of  exposure  is  independent  of  the  angular  aperture  of  the 
image-forming  lens,  and  dependent  only  on  its  absolute  focal 
length,  a  conclusion  quite  at  variance  with  the  usual  assumption, 
but  one  w^hich  follows  at  once  from  considerations  of  the  contrast 
effect  between  iuiage  and  sky. 

But  in  photographing  the  planets  there  are  no  such  conditions 
in  our  favour.  In  this  case  we  are  concerned  not  with  the 
delineation  of  an  object  against  the  sky  background,  but  principally 
with  the  delineation  of  detail  of  the  face  of  the  planet  itself ; 
therefore  the  time  of  exposure  will  vary  according  to  the  usual 
law,  i,  e.,  for  a  given  focal  length  inversely  as  the  square  of  the 
angular  aperture.  Since  we  require  a  great  focal  length  (actual  or 
equivalent)  in  order  to  obtain  an  image  of  a  certain  size  on  the 
photographic  plate  (this  should  be  at  least  2  mm.  to  3  mm.  in 
diameter  in  order  to  avoid  the  necessity  for  too  great  subsequent 
enlargement  or  magnification,  which  might  introduce  false  appear- 
ances by  reason  of  a  variation  in  the  size  and  distribution  of  the 
silver  grains),  it  follows  that  we  must  make  use  of  an  objective  of 
considerable  linear  aperture  in  order  to  make  the  time  of  exposure 
reasonably  short.  And  since  this  last  condition  (short  exposure) 
is  also  one  which  is  plainly  essential  to  success  for  a  number  of 
reasons  (of  which  perhaps  the  most  important  is  the  axial  rotation 
oE  the  planets  and  the  consequent  continual  shift  of  the  markings 
on  their  surfaces),  it  is  evident  that  in  this  case  it  is  not  permissible 
to  avoid  difficulties  due  to  atmospheric  disturbances  by  reducing 
the  linear  aperture  below  a  certain  limit.  Is  there  not,  then,  some 
other  way  in  which  the  effects  of  these  disturbances  can  be  avoided 
in  photographic  work  as  they  are  (involuntary)  avoided  in  visual 
work,  by  basing  our  impressions  on  what  we  see  only  during 
intervals  of  good  seeing  ?    Evidently  they  can  be  by  ail  exactly 
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similar  method — i.  ^.,  by  exposicg  not  continuously,  but  inter- 
mittently, and  only  at  the  instants  of  best  definition,  until  the 
requisite  total  exposure  time  has  been  attained.  The  image  must, 
of  course,  be  "  followed "'  very  accurately  between  and  during  the 
successive  steps  of  the  exposure.  Of  this  last  very  important 
condition  more  will  be  said  hereafter. 

This  method  is  so  simple  and  withal  so  effective  in  avoiding  the 
effect  of  atmospheric  disturbance  that  it  seems  surprising  that  it 
should  not  have  been  used  or  suggested  before  this.  But,  so  far  as 
the  writer  is  aware,  the  universal  practice  heretofore  has  been  to 
make  the  exposure  continuous  from  beginning  to  end,  except 
perhaps  when  it  is  interrupted  merely  for  the  purpose  of  correcting 
some  accidental  displacement.  The  idea  of  intermittent  exposure 
at  instants  only  of  good  definition  first  suggested  itseli  to  tbe 
writer  last  winter,  and  some  experiments  to  test  its  advantages  in 
the  case  of  solar  photography  were  immediately  made  with  an 
enlarged  image  of  the  Sun.  In  the  case  of  the  Sun  the  exposure 
is,  of  course,  continuous  when  once  begun,  but  it  seemed  certain 
that  in  this  case,  as  in  the  case  of  the  planets,  very  much  better 
results  would  be  obtained  if  the  exposures  were  made  at  instants 
of  the  best  definition,  than  would  be  if  the  exposures  were  made 
at  haphazard  (as  regards  atmospheric  conditions),  as  has  generally 
been  done  heretofore.  The  instrument  used  in  these  experiments 
was  Professor  Hale's  1 2~inch  Kenwood  telescope,  which  had  then 
just  been  set  up  at  the  Observatory  but  not  yet  adjusted.  This 
instrument,  designed  originally  for  Professor  Hale's  spectrohelio- 
graphic  work  on  the  Sun,  was  at  that  time  provided  with  brackets 
at  the  upper  and  lower  ends  of  the  tube,  designed  to  carry 
respectively  a  second  12-inch  photographic  objective  (of  the  same 
focal  length  as  the  visual  obiective)  and  the  enlarging-lens  and 
camera-box  ('Astronomy  ana  Astro-Physics,'  vol.  iii.  p.  610). 
Exposures  were  made  by  means  of  a  single  sliding  wooden  shutter 
driven  by  rubber  bands  and  placed  just  in  front  of  the  photo- 
graphic plate.  Very  promising  results  were  obtained  in  spite  of 
tbe  generally  bad  atmospheric  conditions  which  prevail  here  during 
the  winter  season.  Both  on  account  of  the  unfavourable  weather 
and  on  account  of  the  unfinished  condition  of  the  telescope  (it  not 
having  been  adjusted  and  the  clock  and  slow  motions  not  being  in 
proper  condition  for  accurate  following),  it  was  not  possible  to 
make  experiments  at  that  time  in  photographing  the  planets.  A 
considerable  amount  of  work  was  subsequently  done  on  the  Sun 
with  a  new  form  of  rotating  photoheliograph  shutter  (this  wdll  be 
described  fully  when  some  further  experimental  results  have  been 
obtained  with  it)  designed  with  special  reference  to  this  method  of 
exposing.  This  work,  however,  had  barely  passed  the  experimental 
stage  when  it  became  necessary  to  give  it  up  temporarily,  it  having 
f  .  been  decided  that  it  was  best  to  remodel  the  1 2-inch  and  give  it 
over  entirely  to  visual  observations.  As  soon  as  the  40-inch 
telescope  has  been  completed  the  12-inch  photographic  objective 
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will  be  mounted  on  its  tube,  and  these  experiments  will  be 
resumed.  But  the  many  delays  that  have  already  occurred  in  the 
completion  of  this  instrun^ent,  and  the  recent  breaking  down  of 
the  rising  floor,  make  it  seem  likely  that  at  least  another  season 
must  elapse  before  an  opportunity  of  putting  the  proposed  method 
to  test  on  the  planets  will  present  itself. 

Por  this  reason  I  have  thought  it  best  to  describe  (perhaps 
prematurely)  a  method  of  procedure  which  as  yet  lacks  the  stamp 
of  actual  trial,  in  the  hope  that  some  one  else  who  has  the  proper 
instrumental  equipment  may  be  induced  to  give  it  a  fair  trial  at 
once.  And  it  mav  be  well  to  describe  also  what  has  so  far  seemed 
to  me  (further  experimenta  may  lead  me  to  change  my  opinion  in 
regard  to  some  minor  pomts)  the  best  instrumental  equipment 
for  photographing  the  planets.  In  this  connection  there  are 
several  points  to  be  considered. 

I.  Beat  Ratio  of  Aperture  to  Focal  Length, — It  has  been  shown  in 
a  previous  paper  ("  Conditions  of  Maximum  Efficiency  in  the  Use 
of  the  Spectrograph,"  '  Astrophysical  Journal,'  May  1896)  that  in 
order  to  obtain  full  photographic  resolution  we  must  have 

where  a  and  /  are  respectively  the  linear  aperture  and  focal  length 
of  the  photographic  objective,  \  is  the  mean  wave-length  of  light, 
e  the  mean  diameter  of  the  silver  grains,  supposed  to  be  practically 
in  contact  with  each  other,  and  m  a  constant  which  will  vary  from 
0*25  to  o*35  according  to  the  shape  of  the  aperture  (rectangular  or 
circular)  and  the  regularity  or  irregularity  in  the  size  of  the  grains. 
!For  a  circular  aperture  and  fairly  regular  distribution  the  mean 
value  of  971=0*30  may  be  taken. 

The  time  of  exposure  for  a  planetary  surface  will  vary  inversely 
as  /3^  and  s,  the  sensitiveness  of  the  plate,  or 
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The  diameter  of  the  silver  grains,  e,  varies  with  the  sensitiveness 
of  the  plate,  e  increasing  as  8  increases.  No  very  exact  data 
respecting  the  relation  between  e  and  s  is  available,  but  for  the 
plates  at  present  made  the  sensitiveness  in  general  increases  more 
rapidly  than  the  square  of  the  diameter  of  the  silver  grains. 
When  time  of  exposure  is  a  consideration  it  is  therefore  an 
advantage  to  use  the  fastest  possible  plates  with  smaller  values  of 
/3  (on  account  of  larger  values  of  e)  rather  than  the  reverse 
arrangement. 

With  the  fastest  bromide  of  silver  plates  the  value  of  e  would 
seem  to  be  between  0*005  °^°^'  ^^^  o'oi5  n^*^'  (see  previous 
paper,  also  'Lick  Observatory  Publications/  vol.  iii.  p.  12).  As- 
suming the  photographic  objective  to  have  been  corrected  for 
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minimum  focus  at  G(X=43o7  tenth-meters),  we  find  for  /J 
(assuming  mean  value  o'oi  for  e)  : 

/3=o-oi3 (2) 

or  the  linear  aperture  should  be  about  -^  the  focal  length  of  the 
objective.  For  liner-grained  plates  the  ratio  of  aperture  to  focal 
length  would  be  larger  (-^lu^  for  6  =  0-005),  for  coarser-grxdned 
smaller  (y4^  for  e= 0*015). 

It  is  ratner  important,  I  think,  that  the  ratio  of  focal  length  to 
aperture  defined  by  (i)  be  adhered  to  whatever  the  size  of  the 
instrument  used.  If  the  angular  aperture  /S  is  made  larger  than 
is  called  for  by  this  relation,  we  increase  not  only  the  cost  of  the 
instrument,  but  also  the  difficulties  of  using  it,  on  account  of  the 
greater  effect  of  atmospheric  disturbances,  and  gain  nothing  except 
some  slight  increase  in  the  brightness  of  the  image,  and  therefore, 
other  things  being  equal,  a  decrease  in  the  time  of  exposure.  If, 
on  the  other  hand,  it  is  made  smaller,  the  time  of  exposure  is 
increased  unduly.  The  case  is  better  put,  perhaps,  by  starting 
with  an  objective  of  a  given  linear  aperture,  and  considering  what 
should  be  the  focal  length  to  obtain  the  best  results.  It  is  evident 
that  in  order  to  do  full  justice  to  the  photographic  method  the 
focal  length  should  be  .great  enough  to  obtain  full  photographic 
resolution — L  e.,  it  should  be  at  least  equal  to 

ae 

for  if  less  than  this  the  details  which  the  objective  of  aperture,  «, 
is  capable  of  showing  cannot  be  fully  resolved  on  the  photographic 
plate,  on  account  oi  the  finite  size  of  the  silver  grains.  On  the 
otlier  hand,  if  greater  than  this  the  time  of  exposure  is  increased 
w^ithout  a  compensating  gain  in  any  other  direction.  The  size  of 
the  image  is  increased,  it  is  true ;  but  that  is  no  advantage,  for  it 
was  large  enough  before  to  show  all  the  detaDs  which  the  objective 
itself  is  capable  of  showing.  Mere  size  can  be  attained  best  by 
subsequent  enlargement. 

In  previous  experiments  in  photographing  the  planets  a  greater 
ratio  of  aperture  to  focal  length  than  is  here  advocated  has 
generally  been  used.  Thus  Professor  Schaeberle  seems  to  have  used 
a  ratio  of  i  to  220  ('Popular  Astronomy,'  Feb.  i896),Holden  and 
Campbell  a  ratio  of  i  to  140  (the  data  in  regard  to  the  free  aperture 
is  not  given  in  their  paper,  M.  N.  vol.  lii.  p.  499 ;  and  I  assume  it 
to  have  been  ^^  inches,  the  full  aperture  of  the  photographic 
objective),  and  the  Greenwich  observers  a  ratio  of  about  i  to  150 
(estimated  from  approximate  data  furnished  by  Professor  Barnard). 
I  have  not  been  able  to  find  any  data  in  regard  to  the.  enlargement 
used  by  Mr.  Pickering  in  taking  the  photographs  which  he  ob- 
tained of  Jupiter  and  Saturn  at  Wilson's  Peak  in  1888--89  (when 
will  that  happy  dHy  come  when  observers  will  give  full  data  in 
regard  to  their  photographs  ?),  but,  to  judge  from  the  appearance 
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of  the  reproductions  ('  Knowledge,'  Nov.  1889,  p.  253)  and  from 
a  positive  on  glass  in  the  possession  of  Professor  Barnard,  it 
could  not  have  been  less  than  i  to  200  to  i  to  250.  In  all  of 
these  cases  this  unusual  ratio  of  focal  length  to  aperture  was 
pbtained  by  direct  enlargement  of  the  focal  image  by  a  second  lens 
or  mirror.  I  believe  the  use  of  this  very  large  ratio  heretofore  has 
been  a  mistake,  for  the  reasons  already  given. .  Professors  Holden 
and  Campbell  are  the  only  persons,  so  far  as  I  can  find,  who  have 
advocated  the  use  of  larger  angular  apertures  than  those  given 
above.  In  their  papers,  already  referred  to,  they  state  that  the 
enlargement  they  used  was  too  great  to  have  secured  the  best 
results,  and  in  a  subsequent  paper  Professor  Holden  states  ('  Lick 
Observatory  Publications,'  vol.  iii.  p.  5)  that  a  five-fold  enlarge- 
ment (giving  a  ratio  of  i  to  85)  gives  much  better  results.  This 
statement,  together  with  the  fact  that  their  negatives  are  certainly 
as  good  as  an/thing  so  far  obtained,  is  an  additional  argument  in 
favour  of  increasing  the  value  of  /3  to  the  limit  indicated  by  (i). 
Against  direct  enlargement  at  the  focus  a  further  objection  may  be 
urged  on  the  ground  that  it  introduces  an  additional  source  of 
distortion  and  vibration,  as  well  as  an  additional  loss  of  light,  ns 
the  lens  or  mirror  which  is  used  for  the  purpose  of  enlargemei.t 
must  have  faces  which  are  necessarily  of  rather  short  radius  of 
curvature.  For  these  and  other  reasons  MM.  Loewy  and  Puiseux 
have,  after  a  long  series  of  experiments,  abandoned  the  use  of  an 
enlarging-lens  in  their  work  in  lunar  photography.  The  results 
which  they  now  obtain  by  photographing  the  image  at  the  primary 
focus  (ratio  of  aperture  to  focal  length  about  i  to  30)  are  admitt<id 
to  be  just  as  good  if  not  better  than  those  obtained  with  the  Lick 
telescope,  in  which  in  some  cases  an  enlargement  of  about  five 
diameters  (ratio  of  aperture,  8  inches,  to  equivalent  focal  length 
about  I  to  350)  has  been  used  (Holden,  'Publications  A.  }^j.  P.,' 
vol.  viii.  p.  319).  No  details  in  regard  to  the  diameter  of  the 
silver  grains  in  the  plates  used  by  the  Paris  astronomers  have,  so 
far  as  I  know,  been  published.  With  plates  of  the  fineness  of 
grain  of  those  used  by  Professor  Holden  (6=0*005  mm.),  a  ratio 
of  aperture  to  focal  length  of  i  to  40  would  have  given  full  photo- 
graphic resolution.  P.  L.  O.  Wadswoeth. 

Yerkes  Observatory. 

[To  be  continued.] 


The  Great  Meteoric  Shower  of  November. 

[Continued  from  p.  310.] 

Eocpected  Phenomena  at  the  ensuing  Return  of  the  Leonids, 

TJkdbb  this  head  it  is  intended  to  refer  to  the  probable  character 
of  the  showers  which  will  occur  during  the  following  six  or  seven 
years.  Our  knowledge  of  this  particular  stream,  though  it  is 
pretty  reliable  and   better  assured  than   that  of  certain  other 
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showers,  is  yet  far  from  being  complete.  The  periodic  time  of  the 
main  group  of  meteors  is  known  and  its  associated  comet  has  been 
seen,  the  apparent  astronomical  radiant-point  has  been  accurately 
determined,  and  the  mean  height  of  the  meteors,  when  visible  in 
our  atmosphere,  has  been  found  from  a  number  of  observations. 
But  there  are  still  some  features  which  require  much  further 
practical  investigation,  and  among  these  may  be  mentioned  the 
visible  duration  of  the  shower,  the  character  of  the  radiation, 
whether  precise  or  diffuse,  the  mobility  or  fixity  of  the  radiant- 
point,  and  the  speed  of  the  meteors.  Por  the  purpose  of  gathering 
really  trustworthy  evidence  as  to  these  features,  long-continued 
and  very  exact  observations  by  well-trained  eyes  are  necessary. 
A  good  deal  was  accomplished  at  the  last  return  in  1866,  and 
much  of  it  vras  due  to  the  efforts  of  the  Luminous  Meteor  Com- 
mittee of  the  British  Association.  The  Committee  alluded  to 
suspended  its  labours  some  years  since,  but  this  branch  has  plenty 
of  efficient  observers,  and  among  them  are  fortunately  several  of 
the  well-known  men  who  witnessed  the  display  of  a  generation 
ago,  namely.  Prof.  A.  S.  Herschel,  Messrs.  T.  "W.  Backhouse,  J.  E. 
Clark,  E.  J.  Lowe,  W.  H.  Wood,  and  others. 

In  the  case  of  a  meteoric  stream,  there  must  necessarily  exist 
some  elements  of  uncertainty  in  reference  to  the  exact  character 
of  its  reappearances.  It  is  not  like  a  compact  planetary  body  of 
limited  dimensions,  practically  unchangeable  form,  and  consistent 
motion.  A  meteoric  system  stretches  over  such  an  extensive 
space  that  its  various  sections  are  liable  to  be  perturbed  in  very 
different  degree  by  the  planets  passing  near,  so  that  it  is  often 
encountering  vicissitudes  of  sufficient  weight  to  change  its  dis- 
tribution and  form  of  orbit.  Thus  the  Leonid  showers  of  1899 
and  bordering  years  may  not  furnish  a  counterpart  to  those  which 
marked  the  epochs  about  1833  and  1866,  as  considerable  changes 
may  possibly  have  operated  since  then  to  alter  the  visible  aspect 
of  the  display.  That  such  changes  do  occur  is  certaia,  but  it  is 
probable  that  they  are  rarely  of  sufficient  magnitude  to  bring  about 
the  violent  derangement  of  a  system  between  successive  returns. 
The  changes  probably  have  a  more  gradual  influence  in  increasing 
the  duration  of  the  shower  at  each  of  its  annual  returns,  and  one 
result,  chiefly  of  its  physical  construction,  must  be  to  lengthen 
out  the  group  along  the  orbit  so  that  at  a  distant  period  in  the 
future  the  Leonids  will  be  resolved  into  a  similar  shower  to  the 
Perseids  of  August,  and  exhibit  no  very  brilliant  maxima,  but  a 
regular  annual  shower  of  moderate  intensity. 

There  is  no  substantial  reason  to  apprehend  that  the  Leonid 
displays  now  coming  on  will  materially  differ  from  those  witnessed 
at  the  two  preceding  epochal  returns.  In  every  ISTovember  until 
1904  there  will  be  prominent  showers,  more  or  less  brilliant 
according  to  the  varying  astronomical  conditions,  to  the  character 
of  the  weather  prevailing,  to  the  position  of  the  Moon,  &c.  The 
Earth  passes  through  the  really  dense  part  of  the  cluster  in  a  few 
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hours,  and  if  the  rencontre  should  occur  in  dayhght  the  stream  may 
pass  unheeded,  or  moonlight  may  overpower  it,  as  it  seems  likely 
to  do  in  1899. 

As  stated  on  p.  196,  Mr.  B.  V.  Marsh,  of  Philadelphia,  U.S.A., 
concluded  from  the  evidence  furnished  by  the  showers  of  1 865-8 
that  there  were  really  three  branch  streams,  the.  denser  central 
group  of  meteors  being  flanked  on  either  side  by  lateral  but  wider 
and  more  tenuous  clusters.  The  durations  of  these  streams  and 
intervening  sparse  regions  he  attributed  as  follows : — 

Preceding  group. ...    12  hours.     Apierican  observations  1865. 
Tenuous  space    ....     6^ 

European    observations     1866, 
and  American  1867. 


Central  group 4^ 

Tenuous  space    ....     6 
Pollowing  group ....    13  J 


)9 


1> 


9> 


Asiatic  observations    1867,  and 
American  1868. 


It  win  be  of  great  interest  to  gather  new  observations  with  the 
special  view  pf  testing  the  peculiar  construction  of  the  system 
adopted  by  Mr.  Marsh  in  explanation  of  the  various  showers  at  and 
near  the  last  maximum  in  1866.  The  predicted  times  when  the 
three  groups,  if  really  existing,  will  be  centrally  passed  by  the 
Earth  are  indicated  in  the  following  table : — 

Computed  reappearances  of  Marsh's  Triple  Shower. 


Preceding. 

1^ 

Central. 

Following. 

1896  . . . 

.  Not. 

11 

Nov.  13  17I 

Nov, 

.14  H 

1897  ... 

13   9I 

14  0 

14  15 

1898  . . . 

13  15I 

14  6i 

14  21^ 

1899  ... 

13  22J 

14  13 

15  4 

1900  . . . 

14  4| 

14  igi 

15  loi 

1901  . . . 

14  II: 

15  2 

15  17 

1902  . . . 

14  17- 

IS   H 

15  23J 

1903  ... 

15   0: 

»s  15 

16  6 

1904  . . . 

14   61 

14  2l| 

15  12J 

1905  ... 

14  13I 

IS  4 

15  19 

The  several  showers  discussed  by  Mr.  Marsh  were  represented 
by  him  in  a  diagram  given  in  the  British  Association  Eeport  for 
1869,  p.  303,  and  Prof.  Herschel  gave  a  similar  figure  representing 
expected  showers  to  1901  in  'Nature'  of  December  24,  1896, 
p.  175.  I  have  constructed  a  diagram  (p.  345)  in  different  form 
but  illustrating  same  features  as  the  latter,  and  it  is  hoped  this  will 
give  a  graphic  idea  of  the  times  of  anticipated  showers  to  1905, 
while  it  also  shows  the  extent  of  moonlight  prevailuig  in  each 
year  at  the  important  epoch.  I  have  not  endeavoured  to  picture 
the  exact  phase  of  our  satellite  in  1901  and  1904,  for  although  she 
will  be  about  zh  ^^^  ^  ^1^  ^^^  respectively,  she  will  be  entirely 
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absent  from  the  sk j  after  the  Leonid  radiant  has  well  cleared  the 
horizon.  The  black  circle  in  these  two  instances  represente, 
therefore,  that  the  Moon  will  be  quite  invisible  during  the 
progress  of  the  shower. 

The  years  which  apparently  offer  the  best  prospects  in  Europe 
are  1898,  1900,  and  1901,  as  £ftr  as  a  dark  sky  is  concerned,  though 
1900  is  only  partially  favourable  in  this  respect.  But  as  regards 
the  probable  time  of  return  of  the  richest  section  of  the  group  we 
shall  be  most  favoured  in  1899,  when  the  Earth  should  pass 
centrally  through  it  on  November  14  at  13^.  But  the  full  Moon 
will  then  be  shining  in  the  sky.  In  spelling  of  the  anticipated 
displays  it  may,  howevtjr,  be  best  accomplished  l}y  referring  to  the 
various  years  seriatini. 

1897.  .... 

In  1864  (two  years  before  the  max.  of  1866),  li'grand  display  of 
meteors  was  witnessed  from  the  deck  of  a  ship  off  Malta  on  the 
morning  of  November  13,  and  meteors  were  conspicuously 
numerous  on  the  same  morning  in  America.  We  are  therefore 
entitled  to  expect  a  pretty  abundant  display  in  1897,  and  should 
it  prove  a  return  of  the  same  group  which  supplied  the  meteors  of 
1864,  it  will  probably  return  in  the  morning  hours  of  Nov.  14- 
But  the  Earth  will  intersect  a  point  of  the  meteoric  orbit  rather 
further  in  advance  of  the  comet  than  it  did  in  1864,  and  so  the 
exhibition  or  1897  is  not  likely  to  equal  the  formef,  unless,  indeed, 
the  richer  part  of  the  stream  has  lengthened  out  in  the  interval  of 
33  years,  which  is  quite  possible.  The  really  dense  part  of  the 
system  which  furnished  the  brilliant  European  display  of  1866 
(max.  ;Nov.  13,  13**  10°*),  and  the  equally  imposing  American 
shower  of  1867  (max.  Nov.  13,  22^*"),  is  not  likely  to  be  visible  in 
England,  as  the  Earth  will  be  centrally  involved  with  it  on  the 
i4tb  at  midday.  In  America  something  of  it  may  possibly  be  seen 
just  before  sunrise  on  the  14th.  The  Moon  will  be  full  on  the  . 
morning  of  the  9th,  and  will  therefore  be  gibbous  on  T4th,  rising 
ft*  7*^  55™  at  Greenwich,  and  being  visible  in  Gemini  during  the 
whole  night  afterwards.  The  prospects  are  therefore  bj  no  means 
good,  but  a  close  watch  should  be  maintained  on  the  mornings  of 
the  14th,  15th,  and  16th,  for  if  the  atmosphere  be  clear,  meteors 
will  sure  to  be  frequent,  and  fine  ones  may  appear  every  now  and 
then. 

1898. 

This  return  will  be  more  auspicious  in  several  respects  than  that 
of  1897.  The  Moon  being  new  on  the  morning  of  Nov.  14,  there 
will  be  no  objectionable  light  from  that  orb.  Apart  from  this 
circumstance  we  shall  be  a  year  nearer  the  max.,  and  probably 
within  one  year  of  it,  which  should  make  all  the  difference  by  con- 
siderably augmenting  the  number  of  visible  meteors.  In  18651 
which  nearly  corresponds  with  1898,  though  it  was  a  little  more 
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favourable,  according  to  one  description  '^  the  heavens  were  in  a  blaze 
with  shooting  stars  on  the  morning  of  Nov.  13,  and  at  Greenwich 
279  meteors  were  seen  on  the  same  morning.  These  facts,  and 
tlie  suggestive  proximity  of  the  max.  in  1899  or  1900,  sufficiently 
indicate  that  a  plentiful  shower  will  appear  probably  on  the 
mornings  of  both  the  14th  and  15th.  The  group  of  1866  is  not 
likely  to  be  seen  in  this  country,  as  the  Earth  passes  through  it  on 
the  early  evening  of  the  14th,  and  some  hours  before  the  radiant 
will  have  risen.  At  places  far  east  something  may  be  seen  of  it 
where  the  radiant  rises  before  9**  G-.M.T. 

1899. 

Both  favourable  and  unfavourable  conditions  will  influence  the 
character  of  this  return.  The  meteors  ought  to  form  a  splendidly 
abundant  shower  in  England,  for  the  central  and  densest  group  is 
likely  to  encounter  the  Earth  on  Nov.  14  at  i2,\  when  the  radiant 
will  be  fairly  high,  as  at  the  time  of  max.  in  1866.  Most  unfor- 
tunately, however,  the  Moon  will  be  nearly  full  and.  visible  during 
the  whole  night.  But  if  the  sky  is  clear  it  is  certain  that  a  large 
number  of  meteors  will  be  observed.  The  moonlight  will  certainly 
obliterate  many  of  the  fainter  objects  and  rob  the  brighter  ones  of 
much  of  their  brilliant  appearance,  which  is  only  fully  realized 
when  a  dark  sky  affords  its  useful  contrast.  The  appearance  of  a 
fine  meteor  is  not  startling  so  much  on  account  of  its  size  or 
suddenness  as  for  the  instantaneous  manner  in  which  it  lights  up 
a  sky  and  landscape  previously  involved  in  darkness.  With  the 
rays  of  a  nearly  full  Moon  illuminating  the  prospect  on  Nov.  14, 
1899,  the  flashing  of  large  Leonids  will  quite  lose  its  effect,  ani, 
indeed,  the  whole  display  must  suffer  serious  detraction,  from 
the  same  cause  the  streaks  left  by  the  meteors  will  appear  faint, 
and  in  many  cases  will  escape  detection  altogether.  There  will 
also  be  greater  difficulty  in  accurately  marking  down  the  tracks  of 
the  individual  meteors,  as  only  tolerably  bright  stars  will  be 
visible.  But  in  spite  of  these  drawbacks  the  shower  should  be 
attentively  watched  and  its  strength  determined  as  carefully  as 
the  conditions  allow.  It  is  probable  that  it  will  fully  repay  every 
effort  made  to  witness  it. 

1900, 

At  this  return  the  Moon  will  be  near  last  quarter,  and  rises  at 
about  midnight.  Her  influence  upon  the  shower  will  not  therefore 
be  serious,  and  as  we  shall  be  immersed  in  the  richest  part  of  the 
stream  just  before  sunrise  on  ISTov.  15,  a  brilliaiat  display  will 
probably  be  observed  in  England.  The  number  of  meteors 
furnished  by  this  system  is  likely  to  be  quite  as  great  in  this  year 
as  last,  and  when  all  the  circumstances  affecting  the  visible  nature 
of  the  phenomena  are  considered,  the  return  of  1900  appears  ^ 
give  promise  of  greater  importance  than  that  of  1899,     It  will  be 
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remembered  that  the  display  of  1867  was  a  magnificent  one  as 
observed  in  America,  though  the  full  Moon  moderated  it  in  a 
large  degree. 

1901. 

In  this  year  also  the  meteors  are  likely  to  be  exceedingly 
numerous  and  to  form  the  third  of  a  series  of  really  first-class 
meteoric  exhibitions  such  as  were  witnessed  either  in  England  or 
America  in  the  three  following  years  :  1866,  1867,  and  1868.  It 
is  true  that  the  central  or  richest  group  will  probably  encompass 
the  Earth  at  about  2^  on  Nov.  15  in  England,  so  that  neither 
in  Europe  or  America  is  it  likely  to  be  seen  to  the  best  advantage. 
Remembering,  however,  that  our  data  are  not  unimpeachable  and 
may  prove  faulty  in  some  of  their  indications,  it  will  be  well  to 
look  for  a  fine  shower  this  year  on  the  morning  of  the  i5tb. 
Should  few  meteors  be  seen  at  that  time  the  watch  should  be 
renewed  on  the  following  morning.  The  sky,  if  clear  of  cloud?, 
will  be  highly  favourable  this  year,  for  the  Moon  being  only  a  few 
days  old  at  the  important  time,  will  have  set  before  the  Leonid 
meteors  begin  to  display  themselves. 

1902. 

Much  of  the  importance  of  the  displays  marking  the  few 
previous  years  will  probably  be  lost  in  this,  for  the  Moon  will  be 
full  and,  apart  from  this,  the  portion  of  the  meteoric  orbit  inter- 
sected by  the  Earth  will  be  relatively  poor  in  comparison  to  those 
sections  much  closer  to  the  derivative  comet.  If  the  meteors  are 
more  numerously  distended  along  the  orbit  than  in  former  times, 
■^e  may  quite  possibly  witness  a  shower  quite  exceeding  ex- 
pectation. It  is  certain  that  both  in  1836  and  1869  (3  years 
after  the*  best  returns)  many  Leonids  were  observed,  though  the 
numbers  showed  a  great  falling  off  as  compared  with  the  previous 
years.  In  1902  we  may  have  a  return  possibly  equalling  a 
tolerably  active  shower  of  Perseids.  The  best  part  of  the  stream 
ought  to  be  manifested  soon  after  the  rising  of  the  radiant  on  the 
night  of  Nov.  15. 

1903. 

On  the  morning  of  the  i6th  many  meteors  will  probably  be 
seen,  and  the  firmament,  if  clear,  will  be  dark,  for  the  Moon  will 
only  be  visible  as  a  slender  crescent  for  a  short  time  before  sunrise. 


1904. 

There  will  be  no  Moon  to  interfere  with  the  display  this  year, 
for  though  our  satellite  will  be  near  her  first  quarter,  she  sets 
before  midnight,  and  will  therefore  be  absent  from  the  sky  after 
the  Leonid  radiant  is  fairly  displayed.    Leap-year  will  throw  the 
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shower  nearly  a  day  back  this  year,  and  it  is  likely  to  be  best  seen 
on  morning  of  Nov.  15.  It  was  well  seen  in  1838  on  morning  of 
Nov.  13. 

1905. 

The  Moon  will  be  gibbous  and  visible  all  the  time.  This 
circumstance,  coupled  with  the  fact  that  the  comet  and  all  the 
richest  part  of  the  system  will  now  have  receded  far  from  the 
Earth  and  a  long  distance  on  its  journey  to  beyond  the  orbit  of 
Uranus,  will  probably  cause  the  shower  to  present  a  very  insig- 
nificant display.  W.  F.  Dunning. 

[To  be  continued.] 


The  Unification  of  Astronomical  Constants. 

Thb  resolution  passed  at  the  Paris  Astronomical  Conference  of 
1896,  that  the  fundamental  constants  of  astronomy  used  in  the 
computation  of  the  four  national  ephemerides  should  be  the  same 
from  the  beginning  ot*  the  next  century,  is  not  meetiog  with 
universal  approval.  Discussion  of  the  subject  has  been  opened 
in  the  'Astronomical  Journal,'  No.  410,  where  Prof.  Boss  and 
Dr.  Chandler  both  give  expression  to  their  views.  Prof.  New- 
comb's  determination  of  the  constant  of  precession  gives  Prof.  Boss 
the  keynote  for  his  article.  He  discusses  this  technically,  and 
shows  that  though  Prof.  Newcomb  has  treated  the  data  used  by 
him  with  his  usual  logical  skill,  the  result  cannot  be  accepted  as 
final,  and  urges  that  the  time  is  not  yet  come  when  we  can  adopt 
values  for  this  constant  and  for  the  constant  of  aberration  which 
may  not  have  to  be  changed  in  the  course  of  the  next  haK-century. 
He  thinks  that  there  is  no  value  of  these  constants  which, would  b© 
accepted  by  the  astronomical  public  with  the  same  confidence  as  is 
the  value  8"*8o  for  the  solar  parallax.  The  following  extracts 
from  Prof.  Boss's  article  are  illustrative  of  his  views : — 

"  Doubtless  Professor  Newcomb  has  sufficiently  exhausted  the 
consideration  of  the  evidence  as  to  the  true  value  of  the  precession- 
constant  which  may  be  derived  from  the  comparison  ot  Bradley's 
star-places  with  those  of  G-reenwich  for  the  mean  epoch  1865 ; 
but  it  seems  to  me  that  this  is  only  a  small  part  of  the  evidence 
which  ought  to  be  considered.  To  call  upon  astronomers  to 
endorse  the  constant  of  precession  which  Prof.  Newcomb  has 
found  in  this  way,  appears  to  me  almost  as  unreasonable  as  ii 
would  be  to  ask  them  to  adopt  a  value  of  the  constant  of  solar 
parallax  derived  from  a  partial  discussion  of  the  material  available 
through  a  single  method.  The  method  and  material  selected 
might  be  of  the  best,  and  the  result  might  be  near  the  truth; 
but  there  would  certainly  be  lacking  the  essential  element  necessary 
to  impart  confidence  in  the  result.  How  much  such  a  determina- 
tion may  be  in  error,  though  emanating  from  the  most  competent 


Sept.  1897.]     Unification  of  Astronomical  Constants.        849 

authority,  and  received  with  universal  confidence,  is  illustrated  in 
the  history  of  Encke's  determination  of  the  solar  parallax. 

"  No  great  inconvenience  can  arise  from  the  retention  of  the 
Struve-Peters  constants  for  a  few  years  longer,  until  we  are  in  a 
better  position  to  agree  upon  some  value  of  those  constants  likely 
to  satisfy  astronomers  for  a  considerable  term  of  years.  The 
difEerence  between  the  aberration-constant  in  present  use  and  that 
proposed  by  the  Conference  is  only  o"'025 ;  the  corresponding 
difference  for  the  precession-constant  is  o''*oo8;  aud,  for  the 
constant  of  nutation,  the  difference  is  o"*oi4.  These  proposed 
changes  are  practically  insignificant  in  relation  to  all  observations 
of  a  differential  character ;  and,  even  if  we  grant  that  they  are  the 
actual  corrections  required,  no  serious  harm  can  result  if  the  use  of 
them  be  deferred,  since  it  is  morally  certain  that  astronomers  will 
not  rest  satisfied  with  the  present  state  of  our  knowledge  in 
reference  to  the  constants  of  precession  and  aberration." 

Dr.  Chandler's  article,  written  in  support  of  Prof.  Boss,  is  not 
too  long  for  us  to  transcribe  here  in  full.  We  shall  be  glad  to 
publish  the  opinion  of  any  English  astronomers  on  the  subject, 
the  expression  of  which  Dr.  Chandler  thinks  is  so  desirable  : — 

"The  contemplated  change  in  the  values  of  the  astronomical 
onstants  to  be  used  by  the  various  national  astronomical 
o.  eemerides,  beginning  with  1901,  has  naturally  excited  lively 
interest,  and  aroused  much  discussion  which,  so  far,  has  not 
reached  public  expression.  That  the  matter  could  not  fail  to 
reach  the  stage  of  open  discussion,  at  some  time  or  other,  is  a 
matter  of  course.  The  thanks  of  astronomers  are  due  to  Mr.  Boss 
for  his  dispassionate,  courageous,  and  forcible  presentation  of  the 
subject  in  the  foregoing  article. 

"  But  more  than  this  silent  approval  seems  to  the  writer  to  be 
desirable.  The  situation  is  one  that  calls  for  the  individual 
expressions  of  opinion  by  astronomers  generally.  The  discussion 
is  forced  upon  them  both  by  the  importance  of  the  subject,  and  by 
the  singular  features  of  the  method  by  which  the  proposed  changes 
have  been  decided  upon.  No  apology,  therefore,  is  needed  from 
any  one  for  engaging  in  it ;  on  the  contrary,  it  is  an  incumbent 
duty  upon  all  who  have  an  effective  word  to  speak  with  regard  to 
the  proposition,  whether  of  antipathy,  apathy,  or  sympathy. 

"It  would  seem  to  be  indisputable  that  any  change  of  this  kind 
is  so  important  and  entails  so  much  inconvenience  that  it  should 
not  be  undertaken  except  after  full  debate  and  the  general  assent 
of  competent  opinion.  Nor  should  it  be  made  until  the  data  upon 
which  such  opinion  must  rest  have  been  brought  up  to  within  a 
reasonable  time  of  the  date  when  such  change  is  to  go  into 
operation,  and  are  of  such  a  character  as  to  make  it  likely  that  the 
values  determined  upon  will  serve  for  the  greater  part  of  the 
coming  century.  Without  here  going  into  a  technical  argument, 
it  certainly  does  not  seem  that  this  state  of  things  now  exists. 
Furthermore,  there  is  no  good  reason  whatever  why  such  an 
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alteration  sliould  begin  with  the  twentieth  century.  Sorely  the 
making  so  serious  an  act  contingent  on  the  sentimental  association 
vulgarly  attaching  to  round  figures,  cannot  be  gravely  considered 
by  scientific  men ;  nor  can  any  adequate  argument  be  advanced  for 
tlie  greater  convenience  of  the  date  in  question,  in  preference  to 
any  other. 

"  It  is  further  to  be  apprehended,  indeed  it  may  be  looked  upon 
as  reasonably  probable,  that  if  the  changes  are  now  effected  as 
proposed,  they  will  prove  insufficient  before  a  considerable  portion 
of  the  century  shall  have  elapsed.  In  such  case  the  consideration 
of  a  second  change  will  then  have  to  be  entertained.  Such  a 
contingency  threatens  so  much  inconvenience  that  it  ought,  by  all 
prudent  foresight,  to  be  avoided. 

"  Therefore,  while  admitting  that  an  alteration  of  the  constants 
at  present  in  use  will  become  desirable,  and  can  advantageously  be 
made  under  proper  conditions  of  knowledge  as  to  what  they 
should  be,  perhaps  within  a  decade,  the  writer  desires  to  express  a 
conviction  that  tlie  adoption  of  the  change  proposed,  under  the 
present  conditions,  is  premature  and  unwise.  On  the  other  hand 
he  can  see  no  disadvantage  in  it«  postponement. 

"  In  any  event  it  seems  to  be  desirable  that  some  one,  at  least, 
of  the  National  Almanacs  should  for  the  present  retain  the  old 
constants,  for  the  purpose  of  serving  the  large  body  of  astron- 
omers the  world  over  who  will  prefer  to  use  them  in  their 
investigations,  until  a  more  definitive  change  can  be  generally 
made.  In  default  of  this,  the  suggestion  of  Mr.  Boss  at  the 
conclusion  of  his  article,  is  a  practical  and  feasible  one ;  namely, 
that  some  action  be  taken — as  it  is  pretty  sui'e  to  be  taken— 
looking  to  the  provision  of  such  facilities  bv  astronomers  for  them- 
selves, independently  of  the  almanacs,  which  may  then  disappear 
from  the  astronomers*  book-shelves,  and  be  relegated  to  ship^ 
cabins,  where  the  question  of  the  basis  of  their  construction  is  a 
perfectly  immaterial  one." 


CORRESPONDENCE. 

To  the  Editors  of '  The  Observatory* 

Tycho  Brahi  and  Astrology, 

Gentlemen, — 

No  doubt  there  have  been  some  remarkable  lucky  hits  in  so- 
called  astrological  predictions,  but  there  is  no  occasion,  by  looseness 
of  writing,  to  make  these  seem  more  remarkable  than  they  really 
are ;  if  truly  predictions,  in  the  ordinary  sense,  they  would  of 
course  agree  with  the  facts  in  every  detail.  I  was  led  into  this 
reflection  by  reading  the  article  on  "  Astrology  *'  in  the  ninth 
edition  of  the  *  Encyclopaedia  Britannica ' ;  and  as  it  is  to  be  pre- 
sumed that  a  tenth  will  soon  be  commenced  in  which  Astrology 
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and  Asti'onomy  will  necessarily  occapy  an  early  place,  that  is  an 
additional  reason  for  pointing  out  the  error  in  question.  "  But 
besides  this  "  (we  read,  p.  742)  ".  we  find  hira  [Tycho  Brahe]  in 
his  character  of  astrologer  drawing  a  singular  prediction  from  the 
appearance  of  this  comet  [meaning  the  comet  of  1577  ;  but  the 
prediction  really  was  made  in  reference  to  the  Nova  Cassiopeiae 
of  1572,  and  connected  also  with  the  planetar}?  conjunction  of 
1583].  It  announced,  he  tells  us,  that  in  the  north,  in  Finland, 
there  should  be  born  a  prince  who  should  lay  waste  Germany  and 
vanish  in  1632.  Grustavus  Adolphus,  it  is  well  known,  was  born 
in  Finland,  overran  Germany,  and  died  in  1632." 

Now,  so  far  from  its  being  well  known  that  Grustavus  Adolphus 
was  born  in  Finland,  his  native  place,  it  need  hardly  be  pointed  out, 
was  Stockholm.  Undoubtedly,  as  Dr.  Dreyer  remarks  in  his  admir- 
able and  exhaustible  account  of  Tycho  Brahe,  Finland  was  then 
included  in  the  kingdom  of  Sweden,  and  Finnish  regiments 
followed  G-ustavus  in  his  German  campaigns ;  but  Tycho  was 
evidently  thinking  of  some  Russian  commander,  whose  birthplace 
was  to  be  "  in  Russia  or  Moschovia,  where  it  joins  the  north- 
east^^rn  part  of  Finland,"  about  latitude  6i|°,  in  the  zenith  of 
which  he  supposed  the  Nova  to  have  been  when  it  first  appeared. 
Moreover  it  would  seem  that  he  considered  the  great  prince  in 
question  would  be  born  about  the  time  when  the  star  appeared  ; 
Grustavus  was  not  born  until  twenty-two  years  afterwards,  in  1594. 
Russia,  at  the  time  of  which  we  are  speaking,  was  still  under  the 
rule  of  Ivan  the  Terrible.  Yours  faithfully, 

Blackheath,  1897,  Aug.  7.  W.  T.  Lynn. 

The  Metric  System. 

Gentlemen, — 

Mr.  Ellis's  letter  in  your  current  number  induces  me  to 
send  you  some  remarks  on  the  Metric  System. 

Was  the  use  of  fractions  forbidden  by  the  authors  of  the 
system  ?  I  do  not  believe  it  was  :  in  fact  the  half  of  a  unit  was 
distinctly  spoken  of  as  being  equivalent  to  5  of  the  subordinate 
unit.  What  was  determined  was  that,  save  this  fraction  no  other 
should  have  physical  representation  in  the  system  of  weights, 
measures,  and  coins.  If  teachers  neglect  to  use  their  common 
sense  in  teaching  simple  mental  arithmetic,  the  fault  is  hardly  to 
be  attributed  to  the  system. 

We  all  know  that  the  lawmakers,  who  enacted  the  use  of  the 
System,  were  not  free  from  making  somewhat  extravagant  claims, 
and  probably  in  those  times  any  calm  discussion  was  an  impossi- 
bility. Are  any  advocates  of  the  system  now  so  bigoted  as  to 
desire  that  we  should  adopt  the  defects  as  well  as  the  merits  ? 
Djoes  anyone  desire  to  see  our  pound  sterling  abandoned  for  that 
franc  which  was  loudly  declared-  to  be  the  measure  of  value  for 
ever  ? — a  franc  which  probably  has  now  no  existence  out  of  a 
museum. 

2^2 
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But  there  is  another  point  of  view  which  opponents  of  the 
Metric  System  do  not  always  see,  even  the  ablest  of  them.  It  is 
that  the  problems  which  offer  difficulty  often  do  so  because  they 
are  stated  in  our  units.  In  the  case  mentioned  in  Mr.  Ellis's  letter* 
this  is  to  some  extent  true — the  problem  which  would  have  been 
offered  to  the  shopman  in  this  case  would  have  been  i*6  metres  of 
ribbon  at  i6  mils  (thousandths  of  a  pound)  per  metre,  which  is 
not  so  difficult.  I  was  much  struck,  in  reading  a  Blue-book,  by 
finding  a  very  eminent  authority  express  his  difficulty  in  ordering 
a  table  30  inches  high  on  the  metric  system.  Of  course  he  com- 
pletely forgot  that,  subject  to  the  probable  errors  of  a  carpenter's 
work,  it  was  -expressed  by  76  centimetres.  Probably  no  one  now 
would  talk  of  the  necessity  of  an  infinite,  or  even  a  large  number 
of  decimals  to  convert  any  measure  for  an  artificer  from  our  units 
to  those  of  the  metric  system  ;  hardly  any  physicist  would  com- 
plain of  the  figures  requisite  to  denote  his  constants. 

As  regards  the  difficulty  of  dealing  with  our  money,  I  think  it 
is  imaginary  :  it  is  so  easy  to  convert  decimals  of  a  pound  into  our 
money  with  all  needful  accuracy,  that  I  cannot  think  anyone  could 
have  the  least  trouble  in  keeping  books  in  decimals  while  making 
payment  and  receiving  in  our  currency — that  and  not  the  metric 
system  is  what  is  wanted  in  teaching  at  first :  appreciation  of  the 
units  can  only  come  by  practice ;  it  is  not  to  be  learnt  from  books. 
1  speak  with  some  confidence,  for  I  often  make  calculations  in  this 
way  so  as  to  ui^e  a  slide-rule,  ^o  one  proposes  to  change  the  pound 
sterling. 

Of  course  it  is  easy  for  an  opponent  to  put  forward  posers :  we 
all  know  that  the  perplexing  questions  of  examiners  in  arithmetic 
never  are  seen  in  practice,  even  with  our  extraordinary  want  of 
system  in  our  units  of  quantity  and  value :  that  is  simply  because 
common  sense  evades  them  ;  and  it  is  certain  that  the  same  thing 
would  result  when  the  metric  system  was  in  use.  Of  course  I  do 
not  expect  to  meet  the  circumstances  of  children  who  buy  a 
quarter  of  a  yard  of  ribbon  at  }cZ.  for  their  dolls'  hats,  and  expect 
some  wonderful  denomination  of  change.  There  the  solution 
would  be  probably,  as  now,  to  the  advantage  of  the  small  customer. 

If  I  believed  in  the  use  of  argument  in  such  a  matter  I  should 
probably  join  some  society  for  the  promotion  of  the  system  ;  but  I 
do  not.  The  only  practical  measure  I  can  think  of  is  to  induce 
one  of  the  big  Stores  to  import  French  assistants t,  and  use  Metric 
Weights  and  Measures,  under  the  Permissive  Act,  with  decimals 
of  the  Pound  as  money.  Fashion  would  probably  make  the  experi- 
ment a  great  success,  and  the  example  would  spread ;  meanwhile 
all  the  bogies  would  come  to  a  natural  end. 

Maida  Hill.  W.  Yours  very  sincerely, 

1897,  August  4.  J.  F.  TENlfANT. 

*  tJ  yards  at  3^<?. 

t  P.S. — Of  course  the  language  of  the  Stores  would  be  French,  or  the  English 
of  Paris  !  Any  attempts  to  acquire  an  English  accent  by  the  assistants  would 
be  severely  repressed ! 
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Personal  Equation :  and  the  Amateur  Astronomer. 

Gentlemen, — 

"While  quite  ready  to  say  with  Cicero,  "  Non  est  meum 
contra  auctoritatem  senatus  dicere,"  I  really  must  express  my 
dissent  from  the  appraisement  of  the  value  of  Professor  Safford's 
paper  on  Personal  Equation  by  the  owner  of  the  Oxford  Note- 
Book.  Under  existing  circumstances,  Personal  Equation  enters  as 
a  disturbing  element  into  nearly  every  description  of  observation, 
and  its  elimination,  photographically  or  otherwise,  could  and  would 
only  prove  a  real  and  incalculable  benefit  alike  to  the  observer  and 
the  fundamental  astronomer.  This  being  so,  I  rather  fail  to  see 
why  it  should  be  pooh-pooh'd  and  relegated  to  the  dilettante.  As 
to  the  extent  of  the  interest  attaching  to  this  subject,  I,  in  my 
weak-minded  way,  would  humbly  venture  to  submit  that  it  is  at 
least  equal  to  that  of  the  E  —  D  correction,  or  even  of  the 
measurement  of  the  plates  taken  for  the  Astrographic  Catalogue, 
which  appears  to  be  the  "  King  Charles's  Head  "  of  every  Eeport 
issued  from  certain  observatories  for  some  time  past,  but  con- 
cerning which  a  very  large  proportion  indeed  of  the  mere  "  astro- 
nomical public"  "do  not,"  in  the  emphatic  phrase  of  the  penultimate 
Duke  of  Bedford,  "  care  one  tw^openny  d ." 

The  astronomical  amateur  is,  I  am  painfully  aware,  but  a  poor 
creature,  who  should  be  but  too  grateful  for  the  crumbs  which  fall 
from  the  rich  man's  table  of  the  subsidized  public  observatory  ;  but 
he  is  still  human,  and,  in  some  sort  (as  they  used  to  say  on  the 
anti-slavery  tracts),  "  a  man  and  a  brother.''  As  it  is,  there  is,  I 
fear  (or  seems  to  be),  a  disposition  on  the  part  of  the  professional 
astronomer  to  treat  him  somewhat  after  the  fashion  in  which  a 
well-known  Q.C.  was  patronizing  a  couple  of  Her  Majesty's  judges 
in  the  High  Court  of  Justice,  until  checked  by  one  of  them  ex- 
claiming, "  Mr.  So-and-so,  you  really  address  this  Court  like  the 
Almighty  talking  to  two  black-beetles  !  *' 

Forest  Lodge.  Maresfield,  Uckfield.  Tours  faithfully, 

1897,  August  3.  William  Noble. 

[Is  Captain  Noble  quite  fair?  I  by  no  means  intended  to 
pooh-pooh  "  personal  equation  " ;  but  I  said  that  Prof.  Safford  did 
not  seem  to  me  to  contribute  anything  new  on  the  subject.  Nor 
did  I  refer  to  the  astronomical  amateur,  but  to  those  astronomers, 
wheither  amateur  or  professional,  whose  knowledge  is  not  very 
extensive.  Some  of  those  who  know  most  are  amateurs.  By  the 
way,  are  amateurs  the  poor,  and  officers  of  the  subsidized  public 
observatory  the  rich  ?  I  thought  it  was  the  other  way. — The 
OwNBE  OP  THE  Note-Book.] 

Proctor's  (?)  Menacing  Comet. 
(xbntlemen, — 

I  think  that  the  writer  of  the  very  amusing  series  of 
paragraphs  which  appear  monthly  in  your  columns  "  From  an 
Oxford  Note-Book"  will  find  that  the  late  Mr.  E.  A.  Proctor 
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wrote  an  article  in  an  Australian  journal  (subsequently  reproduced 
in  1882  in  his  'Familiar  Science  Essays')  on  the  possible  identity 
of  the -Great  Southern  Comet  (I.)o^  1880  with  the  famous  one  (I.) 
of  1843;  and  that  it  was  the  '  Spectator'  which,  misinterpreting 
what  he  there  said,  attributed  to  him  the  prediction  of  the  vapori- 
zation of  mundane  things  in  general  15  years  later,  or  in  1897. 
For  Mr.  Proctor's  repudiation  of  any  such  prophecy,  the  note- 
taker  may  refer  to  vol.  i.  of  *  Knowledge,'  pp.  320  and  340.  Vide 
also  pp.  404  and  450  of  the  same  volume. 
Forest  Lodge,  Maresfield,  Uckfield,  Tours  faithfully, 

1897,  August  4.  William  Noble. 

[I  am  much  obliged  to  Capt.  Noble,  and  also  to  Mr.  Lynn,  who 
supplied  similar  information. — The  Owner  of  the  Note-Book.] 

The  Counting  of  Clock-beats  in  Transit  Observations. 

GtENTLEMEN, — 

I  have  been  wondering  lately  who  could  have  been  the 
**  Greenwich  Observer  "  referred  to  in  the  interesting  little  anec- 
dote inserted  on  p.  218  of  the  present  volume  of  the '  Observatory,' 
which  tells  of  an  occasion  when  Le  Verrier  asked  a  certain  person 
to  count  clock-beats  from  his  inner  consciousness. 

My  old  friend  and  colleague,  Mr.  Ellis,  also  refers  to  this  story 
in  his  very  interesting  reminiscences  on  p.  313,  but  he  remarks  : 
**  which  story  I  do  not  remember  to  have  heard  before,  though 
probably  I  have,  since  the  observer  in  question  would  be  an  old 
colleague  of  mine." 

Now  all  this  very  pretty  little  reminiscence  is  quite  new  to  mo. 
It  so  happens  tliat  I  have  had  a  Hfe-long  acquaintance  with  this 
"  Grreenwich  Observer,"  who  was  the  private  guest  of  Le  .Verrier 
at  the  Paris  Observatory  during  the  first  part  of  the  longitude 
operations  in  May  and  June,  1854,  and  therefore  could  hardly  fail 
to  be  acquainted  with  the  fact  of  such  an  interesting  experiment 
as  that  referred  to  in  "  The  Oxford  Note-Book,"  had  it  ever  taken 
place.  I  am  assured  that  the  *'  Greenwich  Observer  "  still  retains 
the  mo&t  delightful  remembrances  of  his  visit,  and  of  the  many 
conversations,  astronomical  and  otherwise,  that  he  had  had  with 
Le  Verrier  and  the  Paris  astronomers  ;  but  he  cannot  recall  to  his 
memory'  any  circumstance  which  might  have  reference  to  this  alleged 
trial  of  his  skill  in  counting  clock-beats  out  of  hearing  of  any  clock. 
One  thing  he  is  certain  of,  that  Le  Verrier  never  showed  any 
signs  of  '*  disgust "  in  his  presence,  except  upon  the  occasional 
unaccountable  failures  of  the  galvanic  signals.  Probably  the  story 
originated  from  some  slight  remark  of  Le  Verrier,  and  was  mag- 
nified in  conversation  long  after  the  event. 

I  have  read  Mr.  Ellis's  reminiscences  with  great  interest.  They 
carry  my  thoughts  back  fifty  years  or  more,  and  to  the  time  when 
transit  observing  was  altogether  made  by  the  eye-and-ear  method. 
My  experiences  of  transit  observing  at  that  time  are  very  similar 
to  his,  and  his  explanation  of  his  method  of  estimating  the  times 
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when  the  object  passed  the  separate  wires  coincides  exactly  with 
that  adopted  by  myself  before  the  introduction  of  the  chronographic 
method  of  recording  transits  in  1854.  There  can  be  little  doubt 
that  the  principal  transit  observers,  from  their  long  experience  of 
observing  by  the  eye-and-ear  method,  had  the  power  of  estimating 
small  fractions  of  a  second  with  great  accuracy.  Le  Verrier,  during 
the  longitude  operations,  often  expressed  a  feehng  against  the 
chronographic  method  then  just  adopted  at  Greenwich,  and  he  has 
been  known  to  remark  that  '♦  Cela  fait  de  mauvais  astronomes  " 
(M.  N.  vol.  xxiv.  p.  159).  However,  I  think  that  there  are  few 
astronomers  of  the  present  day  who  would  care  to  revert  alto- 
gether to  the  observation  of  transits  by  eye-and-ear. 

27  Kidbrooke  Park  Road,  Yours  faithfully, 

Blackheath,  8.E.  EdwiN  DunkiN. 

1897,  August  2. 

[In  view  of  Mr.  Dunkin's  evidence,  which  is  of  even  greater 
value  than  his  modesty  will  allow  him  to  indicate,  the  story  about 
counting  the  clock-beats  must  be  added  to  the  category  of  burst 
bubbles.  I  trust  he  will  accept  my  apologies,  though  I  have  not 
the  skill  of  Mr.  Labouchere  in  executing  these  strategic  movements 
to  the  rear. — The  Ownbe  op  the  Note-Book.J 


OBSERVATORIES. 

Natal. — The  Report  of  Mr.  E.  Neville  Nevill,  Government 
Astronomer  of  the  Colony  of  Natal,  is  remarkable  as  a  Report, 
but  interesting  since  it  contains  an  outline  in  popular  language 
of  the  lunar  theories  of  Hansen  and  Delaunay,  leading  up  to 
an  explanation,  that  the  tables  of  neither  astronomer  can  be 
regarded  as  perfect.  Mr.  Nevill  goes  on  to  point  out  that  for 
the  completion  of  the  Lunar  Theory  two  things  must  be  done. 
One  is  *'  the  reduction  of  all  the  observations  of  the  Moon  to  a 
uniform  basis  and  their  comparison  with  the  portion  of  Hansen's 
tables  whose  theoretical  accuracy  is  undoubted.  Then  from  the 
difference  between  the  two  results  there  must  be  determined  the 
approximate  value  and  the  probable  period  and  character  of  all  the 
terms  of  long  period  and  their  associated  terms  of  shorter  period 
which  are  indicated  by  the  observations,  and  shown  by  the  com- 
parison to  be  required  to  be  added  to  the  known  portion  of  the 
complete  theory." 

"  The  other  is  to  devise  a  simpler  and  more  powerful  method  of 
calculating  from  theory  the  value  of  the  terms  of  this  kind  and  to 
apply  it  to  the  computation  of  the  exact  values  of  all  the  terms 
shown  to  exist  by  the  comparison  between  theory  and  observation." 

Researches  such  as  these  have  been  in  progress  at  the  Natal 
Observatory  for  some  years;  Mr.  Nevill  has  completed  the  com- 
parison with  Hansen's  Tables  of  about  15,000  observations  of 
the  Moon  made  at  Greenwich  from  1750  to  the  present  time, 
supplemented  by  others  made  between  1620  and  1 7 50)  reduced 
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to  a  uniform  basis.  The  aeeomi  research  is  far  advanced,  but 
requires  much  time  and  labour  to  be  spent  on  it  to  put  it  in  a 
state  fit  for  publication.  This  valuable  excursus  on  the  lunar 
theory  is  laid  before  the  authorities  as  a  reason  for  the  necessity 
of  including  these  researches  in  a  volume  of  Natal  Observations, 
which  should  he  published  shortly  and  the  preparation  for  press  of 
which  has  been  the  main  occupation  of  the  Director  and  his  Senior 
Assistant  (Mrs.  Nevill)  during  the  year  1896. 

This  and  other  work  on  the  arrears  of  reduction  and  tabulation 
have  left  little  time  for  astronomical  observations  beyond  those 
n?cessarv  for  the  time  service.  The  work  of  reduction  now  in 
hand  i^  a  continuation  of  that  reported  last  year,  namely,  the 
comparison  of  declinations  of  stars  made  at  observatories  in  the 
northern  and  S3uthem  hemispheres  f Talcott's  method),  and  a  few 
observations  have  been  made  in  connection  with  this. 

The  staff  at  the  Natal  Observatory  consists  of  Mr.  and  Mrs. 
Nevill  and  Mr.  P.  A.  Hammond,  who  is  the  Meteorological 
Assistant.  The  post  of  Junior  Assistant  has  been  vacant  since 
1896  September  i,  and  the  Director  writes  of  the  difficulty  he  has 
in  obtaining  properly  qualified  assistants.  This  difficulty  is 
similarly  felt  by  the  Directors  of  other  Colonial  Observatories; 
the  salary  on  banning  is  not  sufficiently  large  to  tempt  a  man 
who  has  the  necessary  experience.  Such  a  person  as  can  be  got 
for  the  price  is  of  little  value  for  a  year  or  so,  and  when  he  has 
acquired  the  experience  he  generally  finds  a  post  in  some  other 
occupation  where  the  salary  is  a  little  higher  and  the  chances  of 
promotion  are  greater.  The  remedy  for  this  is  fairly  obvious. 
Governments  and  others  who  keep  observatories  should  be  taught 
to  realize  that  the  work  of  an  astronomer  is  at  least  as  arduous 
and  as  much  deserving  of  reward  as  that  of  a  clei^  in  more 
routine  departments. 

Bound  up  with  the  Beport  are  the  meteorological  observations 
made  on  every  day  during  the  year,  with  a  summary,  and  also  a 
summary  from  other  stations  in  the  colony.  Among  the  pheno- 
mena calling  for  notice  was  the  high  temperature  on  Sept.  21  and 
Oct.  3.  September  21  is  said  \o  be  the  hottest  day  ever  recorded 
at  the  Observatory.  By  half-past  10  o'clock  the  temperature  was 
over  100^,  and  by  2  o'clock  the  thermometer  r^ster^  109^-6. 


NOTES. 

Comet  Notes. — The  following  ephemeris  of  d'Arrest's  Comet 
(for  Paris  midnight)  is  given  by  M.  Leveau  in  Ast.  Nach.  3441 : — 

B.A  K.Dec    !  BA.  S.  Bee 

hin«o,|  hms^^ 

Sept.    6....  4  22  48       I  57   ,  Sept.  22....     4  32  31       o  41 

26. . ..  4  33  20   I  22 
30 4  33  29   2  4 


10. ...  4  26  II  I  20 
14....  4  28  56  o  41 
18 4  31  4   o  o  '  Oct.  4....  4  32  58   2  45 
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The  comet  is  exceedingly  faint,  and  steadily  though   slowly 
diminishing  in  brightness. 

Mr.  Merfield  communicates  to  Ast.  Nach.  3438  the  following 
3)arabolic  elements  of  Comet  1897  I.  (Perrine),  deduced  from  ten 
observations  made  in  Europe  in  November  and  December,  and 
nine  observations  made  by  Mr.  Tebbutt  in  March  and  April :  — 

T  =  1897  Feb.  8-o8i6  G.M.T. 

w 172°  17'  39" 

a ^6    28   31    }.  1897-0. 

%    .»..•.•.  140      8    44 

logg 0*02634 

Miss  Anne  S.  Young  communicates  to  Ast.  Joum.  408  the 
following  elliptic  elements  of  Comet  1896  VII.  (Perrine),  based  on 
observations  extending  from  the  beginning  of  December  to  the  end 
of  January: — 

Epoch  =  1896,  Dec.  ii'5. 

M 2°  32'  32" 

a 246   32  59   " 

(I)     163     56    26  o    ^ 

J^   ^       ^    \  1807*0. 

T  50  29  25  r    ^' 

i     13    41   26    J 

^oge 9*^3377 

log  a 0*54309 

log  /x 2*73537  A.  C.  D.  C. 


MiNOE  Planet  Notes. — ^The  following  two  planets  have  re- 
ceived permanent  numbers  (Ast.  Nach.  3436) : — 

Provisional  Date  of 

Designation.  Discovery.  Discoverer.  Number. 

I)B ....  1896  Dec.    7  Charlois  423 

DF....  1896  Dec.  31  Charlois  424 

DC,  DD,  DE  do  not  receive  numbers,  not  having  been  suf- 
ficiently observed.  A.  C.  D.  C. 

Obituaet. — ^Albebt  Mabth.  The  ravages  that  death  has 
recently  made  among  astronomers  oF  all  classes  has  been  already 
commented  on.  We  now  have  to  regret  the  death  (on  August  5, 
at  Heidelberg)  of  Mr.  Marth,  who  had  a  world-wide  reputation  as 
the  astronomical  computer  jpar  excellence, 

Albert  Marth  was  born  at  Col  berg,  in  Pomerania,  on  May  5, 
1828.  He  was  educated  at  Berlin  and  Kouigsberg,  where  he 
commenced  his  astronomical  labours  under  the  late  Prof.  C.  A.  F. 
Peters,  afterwards  editor  of  the  '  Astronomiscbe  Nachrichten.'  In 
1853  he  came  to  England  and  was  for  a  time  Assistant  at 
Mr.  Bishop's  observatory  in  Eegent's  Park,  where  he  discovered 
the  small  planet  Amphitrite  in  1854.    His  next  post  was  at  the 
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Durham  University  Observatory,  which  he  occupied  from  1855  to 
1862,  afterwards  spending  two  years  assisting  Lassell  in  his  obser- 
vations, chiefly  of  satellites  and  nebulae,  at  Malta.  Subsequently 
he  held  no  fixed  office  until  1882,  when  he  took  charge  of  Ool. 
Cooper's  observatory  at  Markree  Castle,  co.  Sligo.  Por  many 
years  Mr.  Marth  has  contributed  to  the  *  Monthly  Notices ' 
valuable  ephemerides  of  the  satellites  of  the  planets  and  of  the 
surface  conformations  of  Mars  and  Jupiter ;  and  as  illustrative  of 
the  comprehensive  command  that  Mr.  Marth  had  of  such  matters  it 
may  be  sufficient  to  mention  that  he  contributed  a  few  years  ago 
to  the  Eoyal  Astronomical  Society  a  paper  "  On  the  Transit  of 
Mercury  over  the  Sun's  Disk,  which  takes  place  for  Venus  on 
1894  March  21,  and  on  the  Transits  of  Venus  and  Mercury  which 
occur  for  Saturn'a  System  on  the  same  day." 

In  any  notice  of  Mr.  Marth  and  his  work  it  is  impossible  to 
omit  some  reference  to  his  adverse  criticism  of  the  Greenwich 
methods  as  applied  to  observations  with  the  transit-circle.  This 
was  contained  in  a  paper  entitled  "  On  the  Polar  Distances  of  the 
Greenwich  Transit- circle,"  which  was  communicated  to  the  Eoyal 
Astronomical  Society  in  i860,  but  was  rejected  by  the  Council  as 
unsuited  to  the  '  Monthly  Notices,'  and  .afterwards  appeared  in 
the  *  Astronomische  Nachrichten,'  Nos.,  .1260.-3.  -^  number  of 
minute  points  of  detail  were  gone  into,  in  which  it  was  thought  to 
be  shown  that  inaccuracies  of  adjustment  were  not  sufficiently 
corrected.  The  Astronomer  Eoyal  (Airy),  was  annoyed  at  the 
appearance  of  the  paper,  but  made  no  public  reply  to  it,  though 
some  investigations  were  undertaken,  which  were  considered  to 
prove  that  Mr.  Marth's  criticisms  were  uncalled  for;  and  the  only 
change  made  in  the  Greenwich  methods  of  reduction  in  conse- 
quence was  that  the  fractional  parts  of  the  proper  motions  of  the 
stars  in  which  this  could  be  considered  a  known  quantity  were 
applied  with  the  star-corrections  in  bringing  the  places  to  the  be- 
ginning of  the  year.  .... 

The  honorary  degree  of  M.A.  was  conferred  upon.  Mr.  Marth 
by  the  University  of  Durham  in  1857;  his  Fellowship  of  the 
Eoyal  Astronomical  Society  dates  from  January  1878. 

Mb.  S.  E.  Peal.  We  also  regret  to  announce  the  death  of 
Mr.  S.  E.  Peal,  of  Assam,  who  has  been  the  author  of  several 
astronomical  papers,  dealing  in  particular  with  the  physical 
characteristics  of  the  Moon. 


Vaeiation  or  Latitude. — In  '  Astronomical  Journal,'  No.  406, 
Dr.  Chandler  publishes  a  "  Synthetical  Statement  of  the  Theory  of 
the  Polar  Motion,"  There  are  no  essentially  new  facts  in  this, 
but  assuming  the  rotation  of  the  pole,  according  to  the  two  well- 
known  component  motions  which  he  has  already  found  by  analysis 
of  observations,  he  develops  from  this  the  geometry  and  formulae 
which  give  the  variation  of  latitude,  azimuth,  and  longitude  at  any 
place.      The  formulae  and  notation  correspond  exactly  to  those 
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contained  in  previously-published  articles,  and  therefore  the 
number  will  be  found  useful  to  anyone  studying  this  interesting 
subject.  

The  Tbskbb  Obsbevatoby. — "We  hear  that  the  opening  cere- 
mony of  this  Observatory,  and  the  series  of  conferences  connected 
therewith,  have  been  postponed  owing  to  the  personal  arrange- 
ments of  Mr.  Yerkes,  who  will  not  return  from  Europe  until 
Oct.  1 6.  The  limiting  dates  originally  fixed  were  Sept.  27  and 
Oct.  I,  but  these  have  now  been  altered  to  Oct.  18  and  Oct.  22,  both 
days  included.  The  provisional  programme  is  most  comprehensive, 
and  too  long  to  give  in  full,  but  it  may  be  summed  up  by  saying  that 
in  the  daytime  addresses  will  be  given  on  astronomical,  spectro- 
scopic, astrophysical,  and  electrical  subjects  by  members  of  the 
StafE  of  the  Observatory,  and  also  by  distinguished  visitors,  such 
as  Comstock,  Doolittle,  Laves,  Pickering,  and  Pritchett,  on  subjects 
with  which  their  names  are  especially  connected.  There  will  be 
demonstrations  in  the  optical  and  mechanical  workshops  by  practical 
men,  such  as  Brashear,  Lundin,  and  Mors,  and  in  the  evening  hours 
the  40-inch  telescope  (we  are  informed  that  the  rising  floor  will  be 
restored  by  then)  will  be  used  by  Profs.  Barnard,  Wadsworth,  and 
Hale  to  show  the  wonders  of  the  heavens.  The  formal  presentation 
by  Mr.  Yerkes,  and  the  acceptance  by  the  President  of  Chicago 
University,  is  fixed  for  11  o'clock  a.m.  on  Oct.  21,  and  the  cere- 
monies are  to  be  brought  to  a  close  by  a  banquet  on  Friday, 
October  22.  

AsTnoi^^GMEBS :  Amatbue  Ain)  Peofessional. — We  publish  in 
this  number  a  letter  from  a  breezy  correspondent  of  ours  which 
almost  compels  us  to  take  up  the  cudgels  on  behalf  of  the  poor 
persecuted  professional  astronomer.  Not  that  we  take  our  gallant 
correspondent  too  seriously,  for  we  know  very  well  that  there  is 
no  man  alive  who  can  appreciate  the  value  of  a  good  star-catalogue 
better  than  he ;  but  we  prefer  to  take  the  first  part  of  his  letter  to 
mean  that,  in  his  opinion,  domestic  details  such  as  small  corrections, 
however  necessary  they  majr  be  to  accuracy,  should  not  be  so  much 
flaunted  in  public.  We  think  that  on  consideration  our  correspondent 
will  see  it  is  just  because  the  star-catalogue  maker  is  subsidized  from 
the  public  piirse  that  he  feels  that  these  details,  sonie  of  which  relate 
to  matters  of  controversy,  should  be  submitted  to  pubUc  criticism 
before  their  final  adoption. 

The  second  part  of  his  letter  raises  a  different  question,  namely, 
the  relation  between  amateur  and  professional  astronomers.  There 
is  no  doubt  but  that  the  gulf  between  these  two  classes  has  for  some 
years  been  widening.  Time  was  when  leading  amateurs,  Q-room- 
bridge,  Carrington,  and  Baily,  devoted  themselves  and  their  re- 
sources to  the  making  of  star-catalogues,  but  there  were  few  such 
men  who  were  able  to  devote  the  many  years  necessary  for  making 
ft  record  long  enough  to  be  of  any  value.  Since  their  time  an  army 
of  Amateurs  has  adsen  who  make  a  hobby  of  a  science  which  cer- 
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tainly  has  the  same  name  but  otherwise  is  quite  distinct  from  that 
at  which  theye  men  worked,  and  the  older  science  of  celestial  sur- 
veying is  carried  on,  as  necessarily  it  must  be  if  its  results  are  to  be 
of  value,  by  state-supported  establishments  which  exist  and  endure 
independently  of  any  man's  life.  It  is  as  inconsequent  to  make 
comparison  of  results  achieved  by  these  two  classes  of  workers  as  if; 
would  be  to  compare  the  results  of  geology  and  geodesy.  There  is 
no  one  in  England  who  is  paid  to  study  the  lunar  surface,  the 
markings  on  Jupiter  and  Saturn,  or  the  variation  of  the  light  of 
stars  ;  and  hence  we  fail  to  appreciate  the  argument  of  a  recent 
correspondent  (Fellow  of  the  Eoyal  Astronomical  Society)  to  a 
certain  weekly  publication  devoted  to  amateurs,  who  mentions  the 
work  done  by  the  late  Mr.  Elger,  Mr.  Green,  Mr.  Stanley  Williams, 
and  others  in  a  way  which,  by  contrast,  casts  a  reflection  on 
official  astronomers. 

We  began  this  note  by  speaking  of  the  professional  as  "  perse- 
cuted"; and  when  writing  this  word  we  had  this  same  publication 
in  our  mind,  for  we  have  seen  in  it  at  various  times  charges  made 
against  officials  by  these  arrogant  amateurs  (we  do  not  mean  the 
F.E.A.S.),  which  would  be  serious  if  they  were  not  made  by 
persons  who  obviously  knew  nothing  of  the  subject  on  which  they 
were  writing.  We  have  seen  suggestions  made  that  nothing  is 
ever  published  from  Greenwich  Observatory,  that  the  time-signal 
from  the  same  establishment  is  always  in  error  (we  forget  whether 
it  was  said  to  be  by  a  quarter  of  an  hour  or  a  day  and  a  half), 
that  the  instruments  are  not  being  properly  taken  care  of,  and 
so  on.  These  things  are  mentioned  here  as  illustrating  the 
light  in  which  professionals  are  regarded  in  some  quarters,  and  we 
are  bound  to  say  that  we  cannot  recall  instances  of  the  "dis- 
position" of  the  professional  described  on  p.  353  by  our  corre- 
spondent. The  moral  seems  to  be  "  Live  and  let  live  " ;  but  it 
should  be  distinctly  remembered  that  national  observatories  are 
established  for  the  accomplishment  of  particular  kinds  of  work 
which  are  not  to  be  changed  according  to  the  fashion  of  the  hour, 
and  that  the  work  of  the  professional  astronomer  is  such  as  does 
not  allow  him  much  evening  leisure  to  go  comet-finding  or  planet- 
gazing.  

VisiTOES  AT  Gbbenwioh. — The  record  shown  by  the  visitors' 
book  at  the  Eoyal  Observatory  generally  receives  some  additions 
during  the  holiday  months  of  July  and  August.  This  year  we 
have  been  honoured  especially  by  Oriental  visitors.  Heading  the 
list  comes  the  King  of  Siam,  who  took  a  very  early  opportunity 
after  his  arrival  in  England  to  visit  Greenwich.  The  King,  with 
Prince  Chira  and  suite,  drove  down  from  town  on  the  evening  of 
Sunday,  August  i,  and  were  received  by  the  Astronomer  Eoyal, 
several  members  of  his  staff  being  in  attendance.  The  evening 
promised  to  be  fine,  and  preparations  had  been  made  to  show  the 
distinguished  visitors  some  of  the  more  remarkable  celestial 
objects  with  the  large  instruments ;  but  just  before  the  Eoyal  party 
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drove  into  the  park  the  sky  clouded  over  and  the  only  thing  possible 
to  be  seen  was  Vega,  and  this  was  through  thin  cloud.  So  the 
visitors  had  to  be  content  with  seeing  instruments  and  photo- 
graphs, and  after  being  entertained  in  the  Astronomer  Eoyal's 
house,  went  away  apparently  pleased  with  their  visit. 

We  have  also  had  at  Greenwich  recently  the  Eaja  of  Rajputana ; 
the  Persian  Minister  in  London ;  Count  Eoda  of  Germany,  with 
some  German  officials;  and  some  gentlemen  from  the  Chinese 
Embassy,  with  students  from  Pekin. 

HowETBE  gratifying  it  may  be  to  feel  that  some  interest  is  taken 
in  our  science,  as  shown  by  visits  of  the  "  dilettante "  public  to 
observatories,  it  cannot  but  be  denied  that  the  non-astronomer  is  a 
little  trying.  He  has  an  idea  that  with  a  large  instrument  it  is 
alwavs  possible  to  see  stars,  by  day  or  by  night,  whether  it  be 
cloudy  or  not ;  and  if  it  be  possible  to  exhibit  Vega  or  Pollux  the 
visitor  is  always  disappointed — he  seems  to  imply,  by  his  manner, 
that  the  small  size  of  the  image  is  a  disgrace  to  any  well-regulated 
observatory.  It  would  not  be  difficult  to  make  a  collection  of  crooked 
questions  and  remarks  by  visitors  sufficient  to  fill  a  small  jest-book ; 
but  to  spare  our  readers  the  proverbial  dulness,  we  will  be  content 
with  quoting  the  remark  of  the  gentleman  who,  after  having  had  a 
famous  large  telescope  explained  to  him  at  some  length,  as  he 
turned  to  leave  the  room,  tapped  the  wooden  tube  and  remarked : 
"  I  suppose  this  is  solid  right  through  ?  "  This,  which  has  been 
hitherto  regarded  as  an  extreme  case,  was  almost  equalled  by  a 
visitor  at  an  exhibition  where  some  lunar  photographs  taken  with 
a  very  large  telescope  were  being  shown,  who  took  up  the  magui- 
nifying  lens  placed  for  the  purpose  of  examination  with  the  remark  : 
*'  And  is  this  the  instrument  thev  were  taken  with  ?  ^ 

The  following  appeared  in  the  ' Times'  of  Aug  5. : — "  A  Eeuter 
telegram  from  Berlin  of  yesterday's  date  says :  '  According  to  a 
communication  made  by  the  Eoyal  Observatory,  Prof.  Goldstein, 
of  this  city,  has  succeeded  in  experimentally  reproduciug,  by  means 
of  kathode  rays,  certain  very  distinct  and  characteristic  cometic 
phenomena,  such  as  the  radiation  of  light  from  the  head  of  a  comet 
and  the  resultant  development  of  a  tail.  He  has  also  been  able 
bv  these  means  to  account  for  certain  peculiarities  of  this  class  of 
phenomena  which  have  been  observed  in  recent  years. ' " 

We  regret  to  see  announced  the  death  of  Col.  C.  F.  Crocker, 
one  of  the  Eegents  of  the  Lick  Observatory,  a  liberal  patron  of 
astronomy,  who  provided  the  funds  for  the  Lick  Observatory 
expeditions  to  Cayenne  (December  1889),  to  Japan  (August  1896), 
and  also  for  the  proposed  expedition  to  India. 

OuB  esteemed  contributor  Mr.  W.  T.  Lynn  has  lately  published 
a  little  book  called  the  '  Penny  Chronology,'  and  sold  for  that  small 
sum.  The  book  is  not  exactly  astronomical,  but  nevertheless  may 
be  found  useful  by  astronomers  as  by  others. 
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From  an  Oxford  NotK-BooK. 

Uniformity  is  very  well  in  its  way,  but  sometimes  we  seem  to 
be  in  danger  of  getting  a  little  too  much  of  it.  This  text  could 
doubtless  be  put  into  a  much  better  literary  form,  but  it  expresses 
the  main  idea  sufficiently  well  for  the  present  purpose,  which  is  to 
mention  two  instances  of  some  importance  where  the  uniformity 
aimed  at  seems  to  me  of  doubtful  value — ^viz.,  the  case  of  the 
proposed  Eroyal  Society  Catalogue  and  the  case  of  the  proposed 
Unification  of  Astronomical  Constants.  One  cannot,  of  course, 
say  such  things  but  in  fear  and  trembling  in  view  of  the  magni- 
ticence  of  the  names  backing  these  proposals;  but  sometimes  a 
useful  office  is  performed  by  the  people  who  rush  in  where  others 
fear  to  tread.  

As  regards  the  big  catalogue,  I  suppose  we  all  know  that  there 
was  an  International  Conference  last  year,  which  settled  that 
there  was  to  be  a  comprehensive  subject-index  of  science,  and  that 
the  Royal  Society  was  to  take  charge  of  its  production.  Two 
Committees  have  been  formed,  one  to  settle  the  plan  of  the  index, 
and  the  other  to  settle  the  means  of  doing  the  work,  and  both 
Committees  undoubtedly  have  their  work  cut  out.  It  was  at  the 
first  meeting  of  the  latter  Committee  that  a  fact  became  apparent 
which  makes  one  wonder  whether  uniformity  is  not  being  carried 
too  far.  The  Committee  was  composed  in  great  part  of  repre- 
sentatives from  the  different  learned  societies,  and  these  were 
asked  in  turn  to  give  their  views  as  to  ways  and  means.  It  then 
appeared  that  the  positions  and  requirements  of  the  various 
sciences  in  relation  to  the  scheme  were  vastly  different.  In 
Chemistry  an  analyzed  subject-index  was  a  thing  of  necessity,  but 
it  was  already  in  good  going  order.  Other  sciences  had  as  yet 
scarcely  felt  the  need  of  one.  G-eography  had  ample  resources 
and  put  them  at  the  disposal  of  the  Committee ;  Mathematics  had 
none  and  could  do  nothing  for  the  Committee.  And  so  on.  Now 
the  difficulty  about  resources  can  of  course  be  got  over ;  but  the 
difference  in  the  needs  of  the"  sciences  is  surely  a  real  and  per- 
manent one.  Is  it  after  all  likely  that  any  scheme  of  classification 
would  suit  all  sciences  equally  well  ?  and  if  different  schemes  are 
adopted  then  the  Catalogue  is  no  longer  one,  but  several  Cata- 
logues ;  and  there  is  nothing  gained  by  disguising  the  fact. 

Astronomy  seems  to  me  to  be  one  of  the  Sciences  which  has 
scarcely  yet  felt  the  need  of  such  an  index  seriously.  When 
anyone  really  wishes  to  find  out  what  has  been  done  on  a 
particular  point,  he  can  get  what  he  wants  without  much  trouble, 
and  would  not  be  much  helped  by  the  proposed  index.  I  fancy 
most  cases  where  work  is  done  over  again  are  due,  not  to  the  lack 
of  means  for  finding  out  what  has  been  done,  but  to  neglect  in 
using  them,  which  is  an  irksome  task.  In  his  'History  of 
Elasticity '  (vol.  ii.  pt.  ii.  p.  488),  Prof.  Karl  Pearson  writes : — 
"  A  distinguished  biologist  once  stated  to  the  Editor  of  the  present 
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work  that  he  had  for  many  years  givpn  up  endeavouring  to 
.ascertain  what  others  had  done  or  were  doing  in  his  subject.  To 
follow  the  great  mass  of  contemporary  work  meant  to  expend  his 
time  in  historical  investigations  rather  than  in  original  research. 
When  he  devoted  his  energies  to  the  latter,  he  was  fairly  certain 
that  50  per  cent,  of  his  published  results  would  be  new  contribu- 
tions to  scientific  knowledge."  I  don't  think  it  is  finding  the 
papers  that  is  the  real  trouble,  it  is  the  reading  them  when  found  : 
and  in  this  an  index  will  not  help  us.  After  all,  what  matters  it 
if  some  things  are  done  twice  over  ?  Both  workers  get  the 
exhilaration  of  doing  them,  which  is  the  main  thing.  If  we  knew 
what  was  to  be  the  end  of  it  all,  there  might  be  good  reason  for 
hastening  there  as  economically  and  quickly  as  possible ;  but  as  we 
don't,  and  as  the  journey  is  a  pleasant  one,  I  don't  see  that  it  is  a 
great  calamity  if  we  get  twice  the  usual  fun  out  of  some  bits  of  it. 

In  Chemistry,  as  above  stated,  with  its  multitudinous  com- 
pounds, there  is  a  clear  need  for  a  certain  kind  of  index.  In  nn 
ideal  index  of  Astronomy  of  the  same  kind  should  not  every 
star  be  entered  separately  ?  A  good  many  of  them  have  little 
histories  of  their  own  already,  and  the  number  is  daily  growing:. 
It  is  not  inconceivable  that  something  of  this  kind  may  ultimately 
become  an  astronomical  necessity ;  but  it  is  difficult  to  see  how  it 
could  be  incorporated  with  indexes  of  other  sciences.  I  don't 
think  we  can  yet  form  a  very  clear  idea  of  what  our  needs  will  be 
even  in  the  immediate  future;  but  it  seems  probable  that  a 
reference-list  of  existing  photographs  will  be  nearly  as  important 
as  a  list  of  published  papers ;  and  this  again  would  not  readily  tack 
on  to  any  scheme  including  the  other  sciences. 

It  seems  rather  disloyal  to  say  so  much  in  opposition  to  a 
scheme  so  fairly  launched.  We  owe  a  great  deal  \jo  the  existing 
•  Eoyal  Society  Catalogue  of  Scientific  Papers '  under  author's 
names;  and  the  proposed  index,  in  any  form,  would  no  doubt  be 
of  immense  value.  But  will  it  be  worth  the  enormous  labour, 
which  might  be  used  in  other  ways  ?  and  is  it  possible  to  do  it  ? 
It  is  a  herculean  task,  and  many  shake  their  heads  in  private  over 
it,  though  they  are  reluctant  so  withhold  their  support.  It  is  true 
the  International  Conference,  composed  of  eminent  men,  was  in 
favour  of  the  attempt ;  but  it  is  easy  to  vote  for  somebody  else  to 
do  some  work.  I  don't  think  those  who  will  have  to  do  the  work, 
if  it  is  to  be  done,  were  given  a  fair  chance  to  have  their  say. 

It  is  a  common  fault  of  Conferences  to  fail  to  be  representative. 
The  people  who  vote  are  not  always  the  people  most  concerned, 
and  hence  arises  trouble.  Passing  to  the  other  matter  mentioned 
in  the  first  paragraph,  the  proposed  Unification  of  Astronomical 
Constants,  it  may  seem  a  paradox  to  say  that  the  people  who  voted 
were  not  those  chiefiy  concerned,  but  it  is  tolerably  near  the  truth 
for  all  that.  The  people  most  affected  by  a  change  in  the 
Constants  of  the  Nautical  Almanacs  are  not  those  who  make  the 
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Almanacs,  but  those  who  use  them,  and  hence  a  Conference  of 
Superintendents  of  Almanacs,  such  as  was  held  last  year  in  Paris, 
is  scarcely  the  proper  body  to  decide  on  such  a  change.     It  is  easy 
to  make  this  discovery  now,  for  the  simple  reason  that  the  users  of 
tbe  Almanacs  are  already  up  in  arms  against  the  decisions  of  the 
Conference.     Professor  Lewis  Boss  leads  the  attack  in  the '  Astro- 
nomical Journal,'  No.  410,  though  it  is,  perhaps,  unjust  to  him  to 
use  such  a  warlike  metaphor  to  describe  his  very  temperate,  but 
still  adverse,  criticism  of  the  proposals.     But  there  is  no  doubt 
about  the  hostility  of  the  able  Editor  of  the  Journal.     Mr.  Chandler 
in  the  same  number  proclaims  himself  openly  on  the  side  of  the 
insurgents,  and  invites  astronomers  generally  to  range  themselves 
on  one  side  or  the  other,  or  proclaim  their  neutrality.     In  all 
seriousness  it  is  to   be  earnestly  hoped  that   Professor  Boss's 
remonstrance  will  be  regarded ;  and  the  best  way  of  securing  this 
is  to  give  him  all  possible  support.     Unless  the  change  can  be 
made  with  practical  unaniQiity,  it  would  only  do  harm  to  try  it; 
and  it  seems  clear  that  the  proposals  made  at  Paris  are  open  to 
serious  objections.  

These  paragraphs  are,  I  fear,  a  little  heavier  than  the  usual  run, 
especially  in  holiday  time.  I  have  not  been  fortunate  lately  in 
coming  across  things  of  a  lighter  kind.  A  kind  but  anonymous 
correspondent  sent  me  the  other  day  from  Dublin  a  sentence  from 
the  '  Daily  Nation '  of  June  17,  wherein  *'  Mr.  Dillon  boasted  that 
his  resplendent  star  was  high  and  culminating  on  the  horizon," 
which  is  a  tolerably  complicated  thing  for  a  star  to  do ;  and  I 
stumbled  on  a  story  the  other  day  which  suggested  a  new  view  of 
meteors  as  peculiar  to  certain  localities.  An  air  of  probability  is 
thus  given  to  the  killing  of  the  villain  by  a  meteorite,  which  is 
fresher  than  the  usual  death  by  lightning.  I  don't  think  there  is 
any  doubt  as  to  the  author's  intentions,  which  are  clearly  expressed 
in  the  following  sentences  : — 

"  By  Jove !  you  go  in  heavily  for  meteors  in  this  part  of  the  country,**  ex- 
claimed the  other  abruptly,  as  though  disregarding  his  companion's  homily. 

The  evening  was  fast  closing  in  upon  them,  and  a  brilliant  shower  of  falling 
stars  was  the  cause  of  Hopper's  remark. 

"  Yes,  they  even  possess  a  meteorite  here.  The  point  where  it  struck,  and 
the  hole  in  the  clin  which  this  alleged  visitor  from  another  planet  made,  is 
carefully  guarded.     It  must  be  just  here,  I  think.*' 

But  beyond  these  my  net  has  caught  nothing  of  any  importance 
recently  that  bears  on  Astronomy.  Most  of  the  cuttings  of  the 
last  month  seem  to  relate  to  other  subjects,  such  as  cricket.  Por 
instance,  I  see  one  clipping  contains  a  sentence  of  rather  un- 
'expected  humour  at  the  end  of  one  of  Prince  Eanjitsinhji's  articles, 
to  wit : — 

A  man  who  is  engaged  in  heavy  brain-work,  such  as  writing  a  book  on 
cricket,  or  trying  to  matriculate  at  a  Cambridge  College,  cannot  expect  to  be  at 
his  best  in  the  cricket-field. 

But  I  am  not  sure  whether  the  Editor  will  think  this  suitable 
for  insertion  in  this  Magazine. 
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On  the  Photography  of  Planetary  Surfaces, 

[Continued  from  p.  341.] 

Best  Size  of  Instrument, — The  question  of  the  best,  size  of 
instrument  to  use  for  planetary  work  is  one  that  has  been  much 
discussed.  But  it  will  be  generally  admitted,  I  think,  that  the 
question  is  not  by  any  njeans  definitely  settled.  There  are  two 
definite  properties  of  an  objective  which  are  of  fundamental 
importance  in  determining  its  efficiency  in  any  planetary  work 
either  visual  or  photographic,  and  neither  of  these  has  been  as 
generally  recognized  and  taken  account  of  as  is  desirable  and 
necessary  in  a  full  discussion  of  the  question.  These  are :  (a)  the 
*'  resolving  power,"  and  (6)  the  "  delineating  power,''  or  "  con- 
trasting power.*'  The  first  defines,  as  is  well  known,  the  power 
of  the  objective  to  "  resolve  "  or  show  as  separate  objects  two  or 
more  close  lines  or  points  on  the  surface  of  the  planet,  and  the 
limit  of  resolution  a  (the  angle  between  two  points  or  fine  lines 
that  just  appear  separated)  is  represented  by  the  well-known 
expression. 

\ 

6 

where  m  varies  from  unity  for  a  rectangular  aperture  (of  width  6), 
to  about  I .  I  for  a  circular  aperture  of  diameter  6. 

The  second  property  defines  the  visibility  or  distinctness  of  a 
faint  object,  which  depends  primarily  on  the  "  contrast "  between 
its  image  and  that  of  the  general  field  or  background  against 
which  it  is  seen  or  photographed.  The  conditions  which  deter- 
mine this  contrast  between  various  forms  of  radiating  sources 
(points,  lines,  and  surfaces  of  finite  or  infinite  extent)  have  been 
investigated  by  the  writer  in  a  recent  paper  in  the  *  Astrophysical 
Journal '  ("  On  the  Conditions  of  Maximum  Efficiency  in  Astro- 
photographic  Work. — Part  I.  General  Theory  of  various  Forms 
of  Eadiating  Sources,"  Aug.  1897,  p.  119);  and  the  results  have 
been  applied  to  the  special  case  of  linear  markings  on  planetary 
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surfaces  in  another  paper  to  be  published  shortly.  The  expression 
there  obtained  for  the  '*  contrast "  between  the' image  of  the  general 
planetary  fiurfaee  and  the  image  of  a  linear  marking  on  that 
surface  is 
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and  the  limit  to  the  delineative  power,  A  (corresponding  to 
difference  of  2  per  cent,  in  intensity  between  the  images  of  lin 
and  general  sur^EU^),  is  « 

-=,-=o-o2- U-^ 

In  the  case  of  fine  linear  markings  both  the  **  resolving  power  '' 
»nd  the  "  delineative  power  "  are  therefore  directly  proportional 
to  the  linear  aperture,  6,  of  the  objective  ;  and  were  it  not  for  the 
effect  of  atmospheric  disturbances  which  determines  the  value  of 
Ji  (the  factor  which  represents  the  decrease  in  the  intensity  of  the 
image  of  the  line  due  to  the  effect  of  atmospheric  aberration),  both 
the  fineness  of  detail  observable  on  the  surface  and  the  distinct- 
ness of  the  markings  would  increase  indefinitely  with  the  size  of 
the  telescope.     But  under  the  conditions  met  with  in  practical 
observation,  h  will  decrease  at  first  slowly,  but  afterwards  much 
more  rapidly  than  b  increases.     Hence,  A  (4)  is  a  minimum  (or 
the  contrast  is  greatest)  for  a  certain  value  of  ft,  which,  as  shown 
in  the  paper  already  referred  to,  is  not  likely  to  exceed  30  to  35 
inches  under  the  best  conditions  of  "  seeing ''  practically  attainable 
in   visual  observation.      For    photographic   work   the    limit  of 
efficient  size  is  undoubtedly  considerably  smaller  because  of  the 
difficulties  already  referred  to  in  the  first  part  of  this  paper — 
difficulties  which  are  introduced  by  the  time  element  in  the  pho- 
tographic method,  and  by  the  nature  of  the  summative  process 
employed  by  the   sensitive   plate.      These   difficulties,   although 
minimized  by  the  suggested  method  of  intermittent  exposure,  can 
never  be  completely  got  rid   of  except  when  the  exposure  is 
practically  instantaneous,  as  in  the  case  of  the  Sun.     The  longer 
the  exposure  time  the  more  serious  they  become,  and  it  is  easy  to 
see  that  they  will  also  rapidly  increase  with  the  size  of  the  apei> 
ture.    For  the  aberrational  effect  of  a  given  atmospheric  disturbance 
will  vary  in  general  as  the  third  or  fourth  power  of  the  aperture, 
and  the  duration  and  frequency  of  intervals  of  "  good  seeing  ** 
may  be  considered  to  vary  (at  least  roughly)  in  the  inverse  ratio. 
(Since  the  definition  in  all  cases  is  represented  by  a  resultant  of 
effects  which  must  be  extended  over  a  longer  period  in  photo* 
graphic  work  than  in  visual  observation  (the  eye  would  profit  by 
a  much  shorter  interval  of  good  definition  than  could  be  utilized 
photographically,  even   on  the  intermittent  exposure  plan,  on 
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account  of  the  time  required  to  uncover  and  cover  the  plate),  it 
will,  for  the  reasons  just  stated,  be  more  injuriously  affected  by 
an  increase  in  aperture  in  the  former  class  of  work.  In  general 
it  would  seem  safe  to  assume  that  for  the  larger  apertures  the 
average  value  of  h  for  the  whole  time  of  photographic  exposure 
^ould  not  be  more  than  §  to  J  as  great  as  the  ave  •age  value  for 
the  moments  of  best  definition  utilized  by  the  eye.  The  maadmum 
efficient  aperture  of  objective  for  planetary  photography  would 
not^  under  these  conditions,  exceed  lo  to  15  inches. 

The  minimum  linear  aperture  which  should  be  used  is  more 
Easily  determined.  We  have  already  spoken  of  the  necessity 
for  obtaining  a  certain  minimum  size  of  image  in  order  to  avoid 
too  great  subsequent  enlargement.  If  we  assume  this  mini- 
mum size  to  be  at  least  o*i  inch,  then  the  focal  length  (actual  or 
equivalent)  of  the  photographic  objective  would  have  to  be,  in  the 
case  of  Mars  at  its  nearest  approach,  at  least  67  feet.  "With 
plates  of  the  mean  fineness  of  grain  assumed  in  I.  (escoi  mm.) 
the  linear  aperture  of  the  objective  should  be  from  (2) 

5=  io*4  inches. 

Whatever  may  be  the  maodmum  limit  imposed  by  considerations 
of  delineative  power  (which  are  necessarily  more  or  less  variable 
and  indeterminate),  there  are  two  other  important  reasons  why  the 
use  of  ail  aperture  larger  than  about  ten  inches  is  unnecessary,  or  at 
least  superfluous,  in  planetary  photography.  The  first  of  these  is 
that  there  is  a  certain  limit  to  the  accuracy  with  which  the  image 
can  be  *'  followed,"  or  kept  fixed  relatively  to  the  sensitive  plate. 
The  question  how  accurately  is  it  necessary  to  "  follow  "  in  order 
to  avoid  injuring  the  photographic  resolution  is  a  pertinent  and 
important  one.  If  the  image  shifted  gradually  and  uniformly,  the 
integrated  effect  (in  time)  for  a  fine  line  which  moves  an  angular 
distance  a  would,  for  continuous  exposure,  be  represented  by 
a  diffraction-pattern  in  which  the  distribution  in  intensity  would 
be  exactly  the  same  as  in  the  pattern  of  a  stationary  line  of  uniform 
intensity,  and  of  a  Mddth  equal  to  the  angular  movement  a  of  the 
first  line.  In  my  paper  "  On  the  Eesolving  Power  of  Telescopes 
and  Spectroscopes  for  Lines  of  Finite  Width ''  (Phil.  Mag.,  May 
1897),  it  is  shown  that  the  angular  limit  of  resolution  of  a  telescope 
of  linear  aperture  h  for  a  line  of  width  o-  is 

a* 

where  a,  is  the  theoretical  resolving  power  of  the  instrument 
for  lines  of  negligible  width,  as  already  defined.  The  expression 
(5)  has  a  minimum  value  for  <r=te  and  is  equal  to  a  for  <r=4a. 
Or,  under  the  conditions  supposed  above,  the  photographic  resolu- 
tion would  not  be  affected  by  a  uniform  shift  amounting  to  not 
more  than  ||a  during  the  whole  time  of  exposure.  A  shift  of  ^a 
might  theoretically  even  improve  it. 

2a2 
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In  genenJ,  however,  the  movements  of  the  image  would  be  of 
an  irregular  character,  and  even  if  they  were  reguLir  the  expoeure, 
if  the  nbove  phui  of  working  was  adopted,  would  not  be  continuous, 
but  intermittent.'  For  this  reason  and  for  the  additional  one  that 
the  total  actual  exposure  time  will  be  relatively  short  (and  conse- 
quently irregular  movements  will  play  a  more  important  part  in 
^e  whole  exposure  than  they  would  with  lon*^  exposures),  we  may 
conclude  that  if  the  movements  of  the  image  during  actual  ex- 
posure be  allowed  to  amount  to  one-half  the  resolving  power  of 
the  photographic  objective,  they  certainly  should  not  be  allowed 
to  exceed  this.  Por  a  lo-inch  aperture  this  means  that  the 
Diaximum  displacement  should  be  between  ^"  and  |"  (see  Table  l.\ 
a  degree  of  accuracy  in  following  that,  in  the  opinion  of  the  writer, 
might  be  just  possible  under  the  very  best  conditions.  This  is  a^ 
higher  degree  of  accuracy  than  some  will  admit  it  practicable  to 
attain.  My  opinion  is  based  on  the  very  brief  experience  with 
the  new  Terkes  telescope,  and  on  my  experience  with  electrics 
controls  on  the  siderostat  at  Washington.  The  oscillations  (rapicF 
movements)  of  the  star  images  in  the  field  of  the  former  instin- 
ment  did  not  exceed  one  and  a  half  times  to  twice  the  width  of  the 
star-image,  i.  e.  about  ^",  under  quite  unfavourable  atmospheric 
conditions,  and  before  the  polar  axis  and  driving-gears  of  tha 
instrument  had  been  carefully  adjusted.  I  know  from  my  ex- 
perience with  the  siderostat  (which,  as  everyone  knows,  is  far  more 
difficult  to  handle  than  the  equatorial)  that  slow  motions  of  the 
image,  whether  periodic  or  not,  may  be  corrected  with  the  utmost 
rapidity  and  facility  with  a  properly  arranged  system  of  electric 
controls.  It  may  not,  however,  be  possible  to  follow  with  the 
degree  of  accuracy  assumed  above  with  the  equatorial,  although  I 
fully  believe  it  will  be,  with  a  properly  constructed  polar  ^elio8tat• 
If  it  is  not  possible  it  means  simply  that  even  smaller  apertures  ihflH 
ten  inches  will  give  us  all  the  detail  that  "ve  could  obtain  with  larger 
ones,  and  renders  still  more  evident  the  superfluity  of  using  instruments 
0/15,  20,  and  even  30  inches  (as  has  been  previously  done) /or  the 
purposes  of  planetary  photography.  For  a  30-inch  aperture,  for 
example,  the  accuracy  of  following  required  to  render  full  photo- 
graphic resolution  possible  would  have  to  be  three  times  as  great 
as  with  a  lo-inch,  i.  e.  the  displacements  could  not  exceed  o"*o7. 
This  is  a  degree  of  accuracy  which,  at  present  at  least,  it  is 
certainly  impossible  to  attain.  And  considering  the  greatly  in- 
creased difficulties  attendant  upon  even  slightly  increasing  the 
accuracy  of  following  beyond  the  limit  which  was  assumed  above, 
it  hardly  seems  probable  that  we  will  ever  be  able  ta.  utilize 
(photographically)  the  full  resolving  power  of  apertures  larger 
than  twelve  to  fifteen  inches,  except  when  the  exposure  is  practi- 
cally instantaneous,  as  in  the  case  of  the  Sun. 

Ill  the  case  of  all  the  planets  there  is  another  argument  almost 
as  conclusive  against  the  use  of  larger  apertures.  The  larger  the 
aperture,  the  shorter  and  less  frequent  the  moments  of  good  defi? 
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nition,  and  therefore,  as  already  pointed  out,  the  longer  the  total 
time  required,  on  the  intermittent  exposure  plan,  to  obtain  a  full 
exposure.  With  an  angular  aperture  -s^,  the  total  exposure  time 
required  for  Mars  is  from  2  to  5  seconds.  Assuming  five  per  cent. 
4>t'  the  time  to  be  suitable  for  exposures  with  a  lo-inch  aperture, 
the  totnl  time  required  for  obtaining  a  full  exposure  negative  ^iil 
be,  allowing  for  time  required  to  cover  and  uncover  the  plate, 
&c.,  from  one  to  two  minutes.  With  a  40-inch  aperture,  if  we 
assume  as  a  first  approximation  that  the  percentage  time  of  good 
seeing  is  inversely  proportional  to  only  the  square  of  the  aperture 
(probably,  as  already  pointed  out,  it  will,  as  a  rule,  be  more  nearly 
inversely  as  the  third  or  fourth  power  of  the  aperture),  the  total 
time  required  for  getting  a  negative  will  be  from  fifteen  to  thirty 
minutes.  JNow  in  this  time  the  movement  of  the  surface-markings 
due  to  the  rotation  of  the  planet  itself  will  have  far  exceeded 
the  limit  imposed  above.  This  is  a  point  which,  curiously  enough, 
seems  to  have  been  hitherto  disregarded,  perhaps  because  it  was 
considered  unnecessary  to  take  account  of  this  effect  until  other 
sources  of  bad  photographic  definition  had  been  more  completely 
eliminated.  The  angular  shift  in  seconds  of  arc  of  a  point  near 
the  centre  of  a  planet's  disk  per  minute  is  evidently 

21600                                           ^  .r\ 

€= =rj= .    0*00029    -2 (") 

where  M  is  the  time  (in  minutes)  of  axial  rotation,  and  ^  the 
apparent  angular  semidiameter  (in  seconds)  of  the  planet. 

In  the  case  of  Mars,  M=r  1477*4  and  ^  (at  maximum)  =i2"*5. 
. Therefore  c  amounts  to  about  o"*o53  per  minute;  hence  (with  a 
.lo-inch  aperture)  not  more  than  four  minutes  at  the  most  can 
be  allowed  for  the  operation  of  taking  the  negative.  In  the  case 
of  Saturn  under  the  same  circumstances,  the  angular  shift  per 
•minute  (on  the  surface  of  the  planet)  is  about  twice  as  great,  and 
,in  Jupiter  about ^if«  times  as  great  as  on  Mars.  It  is  therefore 
evident  that  the  large  apertures  and  long  exposures  which  have  in 
some  cases  been  given  to  these  planets  have  been  in  themselves 
self-destructive  of  detail.  In  the  case  of  Jupiter,  for  example,  the 
longest  exposure  which  it  would  be  possible  to  give  without  inter- 
fering with  the  utilization  of  the  full  photographic  resolving  power 
of  a  lo-inch  aperture  would  be  about  45  seconds.  Yet  some  have 
^given  an  exposure  of  over  6  minutes  on  Saturn,  and  nearly  2  minutes 
on  J  upiter,  and  this  with  a  still  larger  aperture  ( 1 3  inches).  In  the 
oase  of  Jupiter  an  exposure  of  from  i  to  2  seconds  is  required  with 
^n  aperture  of  -^ ;  hence  in  the  case  of  this  planet,  as  in  the  case  of 
Mars,  a  lo-inch  aperture  is,  with  the  intermittent  exposure  method, 
about  the  limit  of  possible  size. 

To  bring  out  these  last  two  points,  which  seem  important  ones, 
a  little  more  clearly,  I  have  computed  the  following  table,  which 
gives  approximately  the  maximum  allowable  error  of  following  and 
the  maximum  duration  of   exposure  permissible  with  different 
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apertures,  on  the  assumption  that  the  moyement  of  the  image 
must  not  exceed  one-haJf  the  angular  resolying  power  of  the 
telescope. 

Considerations  of  focal  length  do  not  enter  in  this  case,  except 
in  so  far  as  they  determine  the  photographic  resolution.  It  k 
f^sumed  that  the  angular  aperture  is  at  least  small  enough  to 
enable  full  photographic  resolution  to  be  attained,  otherwise  we 
might  as  well  fall  back  upon  a  smaUer  aperture  at  once. 

Table  I. 

X=s4307  tenth-metres. 


So  much  for  the  question  of  the  best  linear  and  angular  aperture 
and  the  best  general  method  to  use  in  photographing  the  planets. 
From  the  preceding  considerations  we  see  that  the  limits  for 
efficient  working  are  rather  narrow  as  regards  both  the  former 
questions.  The  demands  for  a  certain  minimum  size  of  image  (at 
least  o*i  inch),  and  at  the  same  time  as  great  brightness  of  image 
as  is  consistent  with  full  photographic  resolution,  requires  (for 
'/^~hV^  that  the  linear  aperture  be  at  least  9  to  lo  inches.  On  the 
other  hand  this  aperture  cannot  be  much  exceeded  with  efficiency, 
because  if  much  larger  the  effect  of  atmospheric  disturbances 
becomes  more  serious,  and  because  with  much  larger  apertures  it 
is  impossible  to  follow  with  sufficient  accuracy  to  realize  their 
theoretically  greater  resolving  power.  With  our  present  instru- 
mental means  the  limits  of  efficient  size  seem  to  lie  between  8 
inches  and  12  inches.  When  we  have  realized  the  full  resolving 
power  of  these  instruments  photographically,  we  shall  be  better 
.prepared  to  turn  our  attention  to  the  serious  i-istrumental  and 
atmospheric  difficulties  attendant  upon  the  use  of  still  larger 
.instruments.  But,  as  stated  before,  it  is  doubtful  whether  we  shall 
ever  succeed  in  utilizing  photographically  a  resolving  power  greater 
jthan  that  of  a  15-inch  aperture. 

Yerke*  Observatory.    July  1^97.  F.  L,  0,  WadSWOKTHw  - 
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The  Great  Meteoric  Shower  of  November. 

[Continued  from  p.  348.] 

Observatioiu  necessary. 

As  it  appears  highly  probable  that  we  shall  have  to  depend,  for 
some  time  to  come,  upon  the  old  method  of  eye-estimation  in 
ascertaining  the  leading  features  of  a  meteor  shower,  it  is  proposed 
to  treat  of  the  subject  from  this  standpoint  alone.  JSTo  doubt 
photography  will  be  again  brought  into  service  in  attempts  to  get 
some  impressions  of  meteor-trails,  and  it  is  hoped  that  the  experi- 
ment will  not  prove  wholly  unsuccessful. 

In  this  class  of  observation  practice  is  indispensable,  and  not 
much  really  good  work  can  be  accomplished  until  the  observer  has 
made  himself  familiar  with  its  requirements.  Our  previous 
knowledge  in  this  department  has  been  gained  by  persistent  effort 
and  careful  observation,  which,  however^  have  been  far  from 
absolutely  accurate,  and  could  not  be  otherwise  from  the  nature 
of  the  performance.  The  paths  of  meteors,  as  recorded,  are  but 
hurried  and  oft^n  rough  eye-estimates  of  position,  consequently  a 
large  probable  error  must  naturally  attend  them.  These,  however, 
can  be  reduced  to  very  moderate  limits  by  habitual  training,  and 
especially  in  cases  where  the  observer  possesses  aptitude  for  this 
kind  of  work.  There  is  (and  obviously  must  be,  owing  to  the 
great  distinctions  existing  in  individuals  as  to  their  relative 
capacity  for  a  labour  which  requires  a  good  eye,  untiring  patience, 
quickness  of  conception,  and  a  sound  judgment)  a  great  difference 
as  to  the  probable  error  in  various  cases,  for  one  person  in  fixing 
radiants  may  show  a  mean  error  of  6°  or  7°,  while  another  may  be 
well  within  2°.  Unfortunately  there  is  no  school  for  educating 
aspirants  to  proficiency  and  fame  in  this  field,  nor  is  there  any 
tribunal  where  observers  may  come  up  for  trial  and  judgment  as 
to  the  accuracy  of  their  results.  But  the  degree  of  exactness 
attained  by  anyone  may  be  pretty  well  gauged  by  comparing  the 
materials  he  has  gathered  with  the  average  of  the  best  results 
obtained  by  other  observers. 

The  observation  of  a  brilliant  shower  of  streak-leaving  meteors, 
like  the  Leonids,  is  much  less  difficult,  complicated,  and  perplexing 
than  that  entailed  in  the  general  investigation  of  minor  streams. 
The  paths  of  Leonids  can  sometimes  be  registered  very  precisely 
by  perfect  novices  in  this  particular  work,  as  the  streaks  of  pro- 
minent meteors  remain  some  seconds,  if  not  some  minutes,  and 
their  exact  location  amid  neighbouring  stars  can  be  marked  on  a 
globe  or  map  by  anyone  acquainted  with  the  constellations.  It 
must  be  done,  however,  in  each  case,  as  quickly  as  possible  after 
the  nucleus  itself  is  spent,  for  the  streak  begins  to  drift  immedi- 
ately after  the  moment  of  its  first  projection,  and  it  is  only  at  this 
■  time  that  it  correctly  represents  the  path  pursued  by  the  nucleus. 
As  to  the  observations  necessary  to  be .  made,  thej  may  be 
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described  as  manifold.  It  is  not  sufficient  to  stand  and  merely 
count  the  numbers  visible  at  certain  intervals,  and  jot  down  a  few 
notes  of  the  brighter  objects.  The  phenomenon  requires  critical 
watching  with  regard  to  certain  important  features,  and  among 
these  the  following  may  be  instanced : — 

1.  The  exact  time  of  maximum  abundance. 

2.  The  number  of  meteors  visible  per  minute  at  max. 

3.  The  position  of  the  centre  of  radiation. 

4.  The  diameter  of  the  area  of  the  radiant,  if  diffuse. 

5.  The  duration  of  the  shower's  chief  activity. 

6.  The  whole  duration  of  its  visibility  (from  about  Nov.  7  ^^^  y 

to  20). 

7.  The  relative  magnitudes  of  the  meteors. 

8.  The  durations  of  their  visible  flights. 

9.  The  colours  of  the  meteors  and  of  their  streaks. 

10.  The  durations  of  the  streaks  and  extent  and  direction 

their  drift.  In  the  case  of  very  bright  streaks  endurin 
a  long  time  a  series  of  positions  for  the  central  pai 
should  be  taken  say  at  intervals  of  2  or  3  minutes. 

11.  The  apparent  paths  of  the  brighter  meteors.     Many  ^^  of 

these  will  be  sure  to  be  seen  at  several  stations,  and  if 

properly  recorded  the  data  will  enable  their  real  paths  f —    to 
be  derived. 

12.  The  places  of  apparition  of  stationary  meteors. 

13.  The  number  of  meteors  proceeding  from  other  showei^^vs. 

These  will  probably  not  amount  to  more  than  10  or  ^     -^2 
per  hour,  and  need  not  be  considered  during  a  TeaL^^fy 
brilliant  return  of  the  Leonids.     During  a  feeble  displaK.^—/' 
however,   meteors  diverging  i^om  the  minor  systenr*^* 
should  be  careftdly  separated  from  the  Leonids  or  tK^® 
real  strength  of  the  latt-er  will  be  exaggerated. 

14.  The  shape  of  the  nuclei  and  their  apparent  diameters   xn 

the  caee  of  bolides. 

15.  Instances  of  curved  paths,  broken  streaks,  and  other  visible 

peculiarities. 

After  the  disruption  of  large  meteors  the  observer  should  listen 
for  some  minutes  with  the  idea  of  noticing  any  audible  detonation 
should  it  be  possible. 

Of  course  more  than  two  observers  must  be  employed  to 
thoroughly  record  the  characteristics  of  a  meteoric  display.  One 
should  count  the  numbers  visible  during,  say,  every  successive 
period  of  5  minutes,  and  record  the  totals,  so  that  the  rate  lof 
iucrease,  time  of  max.,  rate  of  decrease,  and  the  duration  of  great 
activity  may  be  severally  determined.  Another  will  register  the 
paths  of  individual  meteors,  determine  the  place  of  the  radiant  at, 
say,  half-hourly  intervals,  while  a  third  will  derive  the  relative 
magnitudes  by  watching  one  particular  quarter  of  the  heavens. and 
Tecording  tiie  various  magnitudes  of  all  the  meteors,  which  a^ipear 
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there.  By  separating  the  materials  collected  in  this  way  into 
half -hourly  intervals,  it  might  be  seen  whether  any  variation 
occurred  during  the  rise,  height,  and  fall  of  the  display,  or  wbether 
the  altitude  of  the  radiant  exercised  any  influence  upon  the  apparent 
brilliancy  of  the  meteors. 

One  observer,  in  relying  upon  his  own  exertions,  -mil  perhaps  do 
best  by  counting  the  meteors  during  every  alternate  iive  minutes, 
and  recording  paths  and  other  details  in  the  intervals.  Should 
meteors  be  too  numerous  for  exact  enumeration,  the  number  ought 
to  be  carefully  estimated.  Or  by  watching  a  very  contracted 
region  of  the  sky  (which  might  be  done  by  standing  far  back  from 
an  open  window,  or  by  looking  through  an  empty  telescope-tube, 
or  by  some  other  device  which  the  observer  might  readily  arrange 
for  himself),  the  number  oi  meteors  appearing  in  the  field  might 
be  counted ;  and  the  diameter  and  altitude  of  the  space  under  view 
being  known,  as  well  as  the  average  length  of  the  paths,  a  compu* 
tation  might  easily  be  made  as  to  the  number  of  meteors  which 
appeared  in  the  whole  sky. 

The  greater  the  number  of  observers  the  larger  the  total  of 
meteors  that  will  be  seen.  Experiments  have  been  occasionally 
made  to  ascertain  the  relative  numbers  :  thus  during  the  Leonid 
display  of  1865  Prof.  Newton  obtained  the  following  figures* 
from  a  simultaneous  watch  of  different  parts  of  the  heavens  by  1 2 
observers : — 


No.  of 

No.  of 

No.  of 

meteors 

No.  of 

meteors 

baervers. 

seen. 

observers. 

seen. 

A  ■  *  *  * 

325. 

5  •  •  •  • 

1 106 

2  •  .  . . 

^SS 

6. . . . 

1200 

3  •  •  •  • 

836 

y  .  ■  . . 

1282 

i^  •  .  *  . 

1000 

0 .  .  .  . 

1348 

No.  of 
observers 
9.. 

10.  . 

11.  . 

12.  . 


No.  of 

meteors 

seen. 

1399 

1451 

1509 
1560 


Prof.  Newton  was  led  to  assume  that  the  total  number  visible 
in  the  whole  firmament  was  2400,  so  that  one  observer  may  expect 
to  see  more  than  one-eighth  of  the  aggregate,  while  six  observers 
will  record  one  half. 

In  determining  the  time  of  maximum  the  altitude  of  the  radiant 
should  be  considered,  for  the  visible  strength  of  a  shower  is  in 
part  regulated  by  its  zenithal  distance.  The  hourly  number  of 
meteors  for  a  radiant  at  zenith  may  be  computed  by  multiplying 
the  number  actually  counted  in  one  hour  by  the  secant  of  the 
zenith-distance  of  the  radiant.  The  number  so  deduced  will 
represent  the  total  number  of  meteors  that  would  have  appeared 
from  the  radiant  had  it  occupied  a  place  in  the  zenith. 

The  altitude  of  the  Leonid  radiant  on  Nov.  14  at  various  hours 
ol  the  night  is,  approximately,  as  follows: — 11**  6®,  12*"  14^^, 
13*^  23°»  M^  33^  15^  4ii°,  i6»^  49°,  17^  56°,  i8»»  61°.    This  is  for 


*  Dr.  Kleiber  gave  a  similar  table  in  Ant  Naoh.  2621. 
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the  latitude  of  Greenwich,  Bristol,  and  other  places  in  nearlj  the 
same  parallel. 

To  obtain  a  really  good  radiant  for  the  shower  it  will  be  necessary 
to  determine  this  point  say  for  eyery  quarter  or  half  an  hour,  from 
a  few  good  paths.  Then  at  the  end  of  a  few  hours  a  number  of 
independent  positions  will  be  available  from  which  to  derive  a 
mean  centre.  This  is  a  much  better  method  than  getting  one 
radiant  from  a  large  number  of  paths. 

As  to  the  minor  showers  of  the  period  they  may  well  be  dis- 
regarded, as  far  as  the  determination  of  their  radiants  is  concerned, 
during  a  rich  return  of  the  Leonids.  The  former  may  be  more 
suitably  studied  in  years  when  the  great  periodical  shawer  is  in 
feeble  evidence  and  when  nearly  the  whole  of  the  observer's  atten* 
tion  can  be  directed  to  them. 

The  path-direction  of  a  meteor  may  be  retained  for  a  few 
seconds,  by  holding  a  perfectly  straight  wand  at  arm's  length  and 
projecting  it  upon  the  sky  consistently  with  the  course  of  the 
nucleus  or  position  of  the  lingering  streak,  and  carefully  noting 
the  stars  in  the  backward  and  forward  extension  of  the  line  of 
flight.  To  rely  upon  the  eye  alone  is  not  so  satisfactory  as  it  is 
liable  to  induce  untrustworthy  impressions,  so  that  it  is  advisable 
to  employ  the  wand  as  an  assistant  and  a  corrective. 

When  determining  the  radiant  the  observer  has  to  concentrate 
all  his  efforts  on  getting  the  direction  of  flight  correctly,  and  the 
exact  length  of  path  is  of  little  consequence.  But  in  cases  where 
observations  are  specially  made  for  the  purpose  of  determining  the 
real  paths  in  our  atmosphere  it  is  necessary  to  record  both  tl^e 
direction  and  beginning  and  end  points  of  flights  with  the  utmost 
accuracy. 

As  to  the  actual  duration  of  the  individual  Leonids,  it  must  be 
admitted  that  no  really  satisfactory  method  of  obtaining  it  seems 
applicable.  The  majority  of  the  meteors  have  a  visible  existence 
which  is  comprised  within  one  second  of  time,  and  in  previons 
years  the  rough  estimates  which  have  been  made  of  these  transient 
intervals  of  visibility  have  shown  little  accordance.  An  error  of 
one  fifth  of  a  second  in  such  estimates  means  an  error  of  about  lo 
miles  in  the  velocity  per  second  of  one  of  these  meteors,  and  thus 
this  element  appears  to  have  been  very  doubtfully  assigned.  On 
1896  Nov.  14  five  Leonids  were  seen  with  computed  velocities  of 
33,  45,  46,  58,  and  6^  miles  respectively,  but  errors  of  observation 
probably  induced  the  differences  between  the  several  values  and 
the  theoretical  speed  of  44  miles  per  second. 

It  would  be  well  if  observers  adopted  one  uniform  method  of 
registering  the  paths  of  meteors  observed.  This  would  greatly 
facilitate  the  reduction  and  comparison  of  such  materials.  The 
plan  of  registry  adopted  by  Lieut.-Col.  Tupman  and  some  others 
is  both  simple  and  effective,  and  to  illustrate  it  I  will  give  a  table 
of  fine  Leonids  seen  at  Bristol  at  the  returns  of  1879  ^^^  1888 : — 
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Observed  Path. 

Date. 

G.M.T. 

Mag. 

• 

•3 

Notes. 

From 

To 

& 

A 

1 

R.A.   Dec. 

R.A.  Dec. 

1879 

n 

m 

0          0 

0          0 

0 

Nov.  13  ... 

II 

9 

I 

90    +12 

48i  -  4 

43 

Sw.,  stk. 

13  ... 

15 

6 

2^ 

98     +37 

77     +36 

'7 

V.  8w.,  B.  stk. 

13  ... 

15 

13 

6 

153     +34 

157     +39 

Si 

V.  8w.,  B.  stk. 

13  ... 

15 

28 

I 

119     +14 

107     +  si 

13 

V.  Bw.,  B.  stk. 

13  ... 

16 

16 

0 

187     +4» 

»o5     +44} 

'3, 

V.  sw.,  stk. 

13  ... 

16 

41 

2^ 

184    +30 

193     +30 

7i 

V.  sw.,  stk. 

1888 

Not.  13  ... 

16 

41 

2^ 

166     4-34 

17a     +37i 
121     -30} 

6 

V.  sw.,  B.  stk. 

13  ... 

16 

55 

i=3> 

125^  —22 

9} 

Sw.,  B.  stk. 

13  ... 

17 

19 

2^ 

a5a    +33f 

^S7i  +31 

5i 

Sw.,  stk. 

13  ... 

17 

46 

I 

175     +66} 

aio    +75i 

14 

Sw.,  B.  stk. 

■ 

The  *'  durations  of  flight"  were  not  estimated,  but  a  column  to  express  these 
should  be  always  included  in  such  tables.  The  abbreviations  are : — "  V./' 
very;  "sw.,"  swift;  "B.,"  bright;  **  stk.,"  streak. 

Observers  intending  specially  to  watch  the  .region  of  the  radiant- 
point  and  re-determine  it  must  necessarily  take  up  a  position 
commanding  a  good  open  view  of  the  E.N.E.  sky  near  the  horizon 
before  midnight.  The  radiant  rises  at  a  point  about  40°  N.  of 
East,  and  is  due  east  at  about  13^  45™  on  November  14  at  an 
altitude  of  3 1°.  If  the  primary  aim  is  to  secure  double  or  mul- 
tiple observations  of  bright  meteors  then  the  observers,  located  of 
course  in  different  parts  of  the  country,  might  disregard  the  radiant 
and  direct  their  watch  towards  a  point  over  the  Midlands.  Were 
this  plan  followed  it  is  likely  that  such  prominent  meteors  as 
appeared  over  the  central  parts  of  England  would  each  have 
several  observers,  and  might  admit  of  the  very  satisfactory  in- 
vestigation of  their  real  paths  in  the  air. 

In  concluding  our  reference  to  that  magnificent  meteoric  display 
which,  though  it  is  now  an  object  of  admiration  to  us,  proved  a 
source  of  terror  to  our  forefathers,  it  may  be  added  that  though 
some  disappointments  will  be  sure  to  attend  its  attempted  ob- 
servation in  the  few  ensuing  years,  it  cannot  wholly  escape  the 
vigilant  observer.  Clouds  may  obscure  it  in  one  year,  but  a  clear 
sky  will  unveil  it  in  the  next.  It  is  fortunate  that  the  Earth 
passes  through  the  stream  of  meteors  in  several  years,  and  thus 
allows  more  than  one  opportunity  for  observation.  Fine  weather 
often  prevails  at  the  middle  of  November.  That  the  shower  will 
be  thoroughly  well  observed  cannot  be  doubted,  and  that  it  will 
enable  some  new  facts  to  be  elucidated  is  highly  probable.  The 
showers  of  1833  and  1866  each  gave  a  remarkable  impetus  to  the 
study  of  meteoric  astronomy;  may  those  of  1899  and  1900  fulfil  a 
similar  purpose . I    At  the  epoch  <>f  the  last  return  the  researches 
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of  Schiaparelli,  Newton,  and  Adams  practically  revolutionized  our 
knowledge  of  meteors,  and  placed  its  theories  on  a  well-assured 
basis.  The  phenomena  of  coming  jears  will  greatly  encourage  its 
renewed  progress,  if  they  do  not  lead  to  triumphs  equal  to  those 
of  1866,  and  attract  earnest  attention  to  a  most  engrossing  branch 
of  science. 

The  November  Shower  fi'om  BeikCe  Comet, 

Apart  from  the  Leonids,  which  undoubtedly  form  the  *'  great 
meteoric  shower  of  November,**  there  is  another  system  of  con- 
siderable strength  and  many  interesting  associations,  which  makes 
its  periodical  apparitions  in  the  month  of  November.  It  has  a 
period  of  about  6|  years  and  presents  very  close  orbital  resemblance 
to  Biela's  Comet.  It  furnished  a  shower  of  about  2000  meteors  on 
1798  December  6,  and  recurred  brilliantly  on  1838  December  6 
and  7.  In  1872  and  1885,  on  November  27  in  each  year,  very 
abundant  showers  were  observed,  and  also  in  1892  November  23, 
when  at  Princeton,  11.8  .A.,  more  than  20  meteors  per  minute  were 
counted  at  10  and  1 1  p.m.  The  difference  of  4  days  between  the 
showers  of  1885  and  1892  was  brought  about,  according  to 
Bredichin  (Ast.  Nach.  1219),  by  perturbation  due  to  Jupiter,  which 
caused  a  recession  of  the  noide  to  the  extent  of  a  little  over  4°. 

The  radiant-point  of  this  meteor-shower  is  in  Andromeda,  at 
25°  +43°,  near  the  star  y.  The  meteors  are  totally  different  to 
the  Leonids,  for  the  Andromedes  move  very  slowly  (^having  vir- 
tually to  overtake  the  Earth  in  her  orbit)  and  leave  trains  0! 
yellowish  sparks.  The  radiant  is  visible  all  night,  being  circam- 
polar  in  our  latitude. 

A  brilliant  return  of  these  meteors  ought  to  be  witnessed  in 
1898  on  Nov.  23,  as  a  similar  period  will  have  lapsed  to  that  which 
separated  the  splendid  displays  of  1872  and  1885.  But  the  Mooni 
will  be  full  on  the  morning  of  November  28,  and  on  the  important 
night  (Nov.  23)  will  be  11  days  old  and  visible  at  Greenwich 
throughout  the  evening^  and  until  ^  24"  on  the  following  morning. 
The  exact  time  of  reappearance  of  the  shower  cannot  be  definitely 
foretold,  but  inasmuch  as,  in  1892,  it  formed  a  brilKant  display  for 
5  hours  before  clouds  obscured  it,  it  will  scarcely  be  able  to  elude 
general  observation  should  it  reappear  in  1898.  Observations 
should  be  made  after  moonset  {2^  10°^  a.m.)  on  the  morning  of 
November  23  and  again  at  intervals  daring  the  night  following 
that  date.  The  ordinary  observer  need  not  maintain  a  persistent 
watch  of  the  firmament  in  order  to  discover  the  evidences  of  it ; 
an  occasional  look-out  at  intervals  of  an  hour  or  two  would  be 
sufficient  to  detect  it  directly  it  assumed  an  imposing  stage. 

Thus  in  1898  November  observers  are  offered  a  double  prospect. 
They  may  see  a  fine  exhibition  of  swift  streak-leaving  Leonids  on 
the  morning  of  November  i  $  and  an  equally  abundant  display  of 
•low,' train-bearing  Andromedes  on  .November  23.     The  latter 
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shower  may  even  exceed  the  former  in  point  of  numhers,  for  the 
ahowers  of  Andromedes  in  1872  and  1885,  as  meteoric  spectacles, 
have  never  perhaps  been  excelled  except  by  the  magnificent  display 
of  Leonids  which  occurred  in  1799  and  1833* 

W.  F.  Dbnning. 
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Is  Nos.  391,  398,  and  408  of  the  'Astronomical  Journal 'will 
be  found  a  discussiou  of  the  results  of  the  observations  of  some 
310  ephemeris  stars  made  at  Lick  during  the  years  1894-6  by 
Mr.  Tucker,  a  leading  feature  of  which  is  the  g-^neral  excellence  of 
the  obsen'ations,  which  were  made  with  a  Repsold  6-inch  reversible 
transit-circle.  The  only  description  of  this  instrument  to  be 
found  in  vol.  i.  of  the  '  Lick  Observatorv  Publications '  is  a  certifi- 
cate  from  Professors  Auwers  and  Krueger  that  they  had  examined 
and  tested  it  and  found  it  to  be  in  every  way  suited  to  be  the  chief 
instrument  in  an  observatory  of  the  first  class,  and  certainly  the  re- 
sults appear  to  justify  the  statement.  The  probable  errors  for  the 
mean  of  eight  observations  vary  in  R.A.  from  +o'*oio  sec  ^  up  to 
70°  declination  to  +  o'*oo4  sec  8  for  circumpolars  observed  at  both 
culminations,  and  in  declination  from  -|-o"'2  5  at  the  extremes 
( — 40°  declination  and  +  7 0°  L.C.)  to  -j-  o"^i  i  at  the  equator.  Some 
years  ago,  at  the  request  of  Dr.  Grill,  many  observatories  joined  in 
a  series  of  observations  of  stars  to  be  used  in  connection  with 
helioraeter  observations  of  the  small  planets  Iris,  Victoria,  and 
Sappho,  for  the  determination  of  the  value  of  the  solar  parallax. 
These  observations  have  been  discussed  by  Prof.  Auwers  and  lately 
published  in  vol.  vii.  of  the '  Annals  of  the  Cape  Observatory,'  and 
one  of  the  most  striking  features  of  the  discussion  is  the  remarkable 
excellence  of  the  modern  reversible  transit-circles.  The  probable 
errors  of  an  observation  in  Right  Ascension  and  Declination  with 
one  of  these  instruments  range  from  +o''02  to  +:o'*o4  and  from 
Hho"'3  to  +o"*5,  quantities  which  are  just  about  half  the  amounts 
given  by  the  results  with  the  older  non- reversible  instruments. 
Perhaps  a  study  of  the  absolute  weights  apportioned  to  the  results 
of  the  different  observatories  on  pp.  702  and  703'vnll  be  as  good 
an  object-lesson  as  anything  in  this  particular  subject. 

In  the  course  of  the  observations  Mr.  Tucker  noticed  that  his 
observations  in  Eight  Ascension  had  a  systematic  difference  of 
—  o*'029  taken  in  the  sense  S.-N.,  depending  on  whether  the  obser- 
Tations  were  made  facing  north  or  south  of  the  zenith.  Such  a 
discordance  may  be  personal  error  due  to  the  direction  of  the  star's 
-motion,  but  it  is  quite  as  conceivable  that  in  the  case  of  eye-and- 
•ear  observing  with  a  clock  the  place  from  whence  the  sound 
originates  may  be  as  fruitful  a  source  of  personality  as  the  apparent 
direction  of  the  motion  of  a  stgr  with  regard  to  the  wires*     We  all 
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know  cases  of  deaf  people  who  have  got  their  good  and  bad  ear. 
In  the  case  of  galvanic  registration  the  method  bj  which  contact 
is  made  becomes  equally  important,  because,  in  the  case  of  a  fixed 
button  on  one  side  of  the  instrument  only,  which  for  many  years 
was  the  case  at  Greenwich,  the  observer  in  changing  from  one  side 
to  the  other  of  the  zenitl^has  to  use  different  hands  in  order  to 
register  the  time. 

The  following  comparison  by  Mr.  Tucker  of  the  relative  posi- 
tions of  the  fundamental  stars,  as  given  in  the  '  Berliner  Jahrbuch/ 
^  American  Ephemeris,'  ^  Connaissance  des  Temps,'  and  the  British 
'  Nautical  Almanac '  for  1895,  shows  the  want  of  uniformity  among 
the  different  ephemerides  : — 

B.  J.— A.  E —0*027         +o'oi        For  51  stars. 

B.  J.— C.  T +0*015         —0*24  53     „ 

B.  J.~N.A.     ..     -fo*022         +0*19  56     „ 

The  Bight  Ascensions  of  the '  American  Ephemeris  'are  founded 
on  the  weU-known  system  of  Right  Ascension  given  by  Prof.  New- 
comb  in  his  1850  Catalogue,  those  of  the  ^  Berb'ner  Jahrbuch'  on 
that  given  by  Prof.  Auwers  in  his  Catalogue  for  1875  published  in 
vol.  xiv.  of  the  '  Astronomische  G^esellschaft,'  those  of  the '  Nautical 
Almanac '  are  derived  from  the  G-reenwich  and  Cape  Catalogues 
for  1880,  with  the  use  of  Auwers's  proper  motion,  and  those  of 
the  '  Connaissance  des  Temps '  from  an  unpublished  soiu*ce.  By 
the  help  of  recent  papers  on  this  subject  it  will  be  easy,  and 
may  be  interesting,  to  portion  out  these  discordances.  For  this 
purpose  we  must  have  a  standard,  and  for  it  we  propose  to 
take  the  Greenwich  Sun  observations  1 836-1 895,  as  given  in  a 
paper  communicated  to  the '  Monthly  Notices,'  vol.  Ivi.  9,  pp.  466- 
471.  From  the  mat-erials  there  given  the  correction  to  the  dif- 
ferent Greenwich  Catalogues  to  reduce  them  to  this  system  of 
Sun  observations  is  as  follows  : — 


Catalogue.  Correction. 

8 
1840 +0*036 

1845 -0-0T3 

1850 — 0*022 

1864 —0*004 


Catalogue.  Correction. 

8 

1872    +0*09 

t88o +o*i7 

1890  (5  year)     +0*28 


Now  let  us  assume  that  any  system  of  Eight  Ascensions  requires 
a  correction  of  the  form  a:-\-y  T.  where  a?  is  the  correction  to  the 
Catalogue,  y  is  the  correction  to  the  adopted  proper  motions  and 
precession  constant  or  the  centennial  variation,  and  T  is  the 
fraction  of  a  century.  Then  the  values  of  a?  for  this  purpose  in 
the  case  of  Newcomb's  system  are  derived  from  a  direct  comparison 
between  the  Greenwich  1850  Catalogue  corrected  as  above, 
and  that  of  Newcomb's  for  the  same  date,  and  in  the  case  of 
Auwers's  system  from  a  direct  comparison  between  the  Greeuwichr 
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1872  Catalogue  corrected  as  above  and  that  of  Auwers's  for  1875, 
using  Greenwich  clock-stars  only.  The  value  of  y  for  reducing 
Auwers's  adopted  system  to  the  chosen  standard  is  given  in  thei 
above  paper  as  +o"'i32,  while  in  A.  J.,  No.  359,  Prof,  Newcomb 
has  given  the  value  of  y  as  -ho"' 120  to  reduce  Auwers's  system  to 
his  own  system.  Therefore  the  difference  of  these  two  quantities, 
viz.  -|-o'*oi2,  may  be  taken  as  the  value  of  y  to  reduce  New- 
comb's  system  to  that  of  the  Greenwich  Sun  observations  1836- 
1895,  a  quantity  which  agrees  very  closely  with  the  result  obtained 
by  a  comparison  of  the  proper  motions  of  98  clock-stars  derived 
from  Greenwich  observations  only  (referred  to  the  Greenwich  Sun 
system,  1 836-1 895)  with  those  used  by  Prof.  Newcooib  in  his 
standard  stars.  Thus  the  Greenwich  Sun  system  1 836-1 895 
gives  the  following  corrections : — 

To  Newcomb's  system  ....      —  o'*oi8     -|-o''ot2  T 
To  Auwers's  system — o  '012     +0  '132  T 

where  T  dates  from  1875  ;  and  the  corrections  to  the  epheraerides 
for  1895  work  out  as  follows : — 


B.  J +o'*oi4 

A.  E — o  '016 


C.T -f-o8-029 

N.  A +0*037 


(The  value  for  C.  T.  is  obtained  by  adopting  Mr.  Tucker's  value  of 
B.  J.  — 0.  T.  +o**oi5.)  Changing  the  signs  of  these  corrections  it 
will  be  noticed  that  the  figures  of  Mr.  Tucker's  comparison  are 
nearly  exactly  reproduced. 

From  this  comparison  it  would  seem  that  Newcomb's  standard 
star  places  are  growing  more  and  more  accurate  as  time  goes  on^ 
or  at  any  rate  that  they  are  not  Ukely  to  be  much  in  error  for  years 
to  come  ;  Auwers's  Right  Ascensions,  on  the  other  hand,  are  rapidly 
running  off,  but  it  is  perfectly  easy  to  correct  them.  As  Bacon 
says,  it  is  far  easier  to  deduce  truth  from  order  than  from  chaos  ; 
and  I  doubt  very  much  whether  a  new  value  of  precession, 
and  new  proper  motions  of  the  fundamental  stars,  would  give 
more  accurate  results  a  hundred  years  hence  than  the  Struve-Peters 
constant  of  precession  in  connection  with  proper  motions  of  the 
fundamental  stars  derived  from  taking  the  mean  of  those  adopted 
by  Newcomb  and  Auwers,  with  a  constant  correction  of,  say, 
-fo*'ooio  to  the  latter.  As  the  new  value  of  the  constant  of  pre- 
cession lately  obtained  by  Prof.  Newcomb  seems  to  suggest  that 
the  value  of  the  Struve-Peters  constant  is  well  within  the  limits  of 
error  to  be  derived  from  present  materials,  and  as  the  catalogues 
which  are  now  being  made,  and  those  which  will  be  made  50  years 
hence,  will  be  the  material  upon  which  a  more  exact  value  will  be 
formed  in  the  future,  it  seems  premature,  as  Prof.  Boss  asserts  in 
A.  J.  410,  to  make  any  change  at  present  in  this  constant. 

W.  G.  Thackebay. 
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Some  Reminiscences, — ^No.  II. 

Akt  remiDiscences  of  mine  must  in  a  great  measure,  I  fear,  centre 
about  the  Eoyal  Obser^'atory,  where  I  passed  fifty-one  of  the  fifty- 
two  years  of  my  official  life,  the  remaining  year,  from  March  1852 
to  May  1853,  having  been  spent  in  charge  of  the  University 
Observatory,  Durham.  I  joined  the  G-reenwich  Observatory  in 
the  year  1841,  first  as  computer,  although  from  the  circumstance 
that  my  father  was  one  of  the  Assistants  appointed  in  the  year 
1825,  in  the  time  of  Pond,  I  had  previously  heard  much  of  the 
inner  life  of  the  place.  I  was  attached  to  a  stafE  of  fourteen 
Computers  organized  (altogether  distinct  from  the  ordinary  staff) 
for  the  reduction  of  the  Greenwich  observations  of  the  Moon  from 
1750  to  1830,  some  8000  in  number,  and  their  comparison  with 
tables.  Sir  Charles  Todd,  Government  Astronomer,  South  Aus- 
tralia, who  carried  the  telegraph-line  across  Australia,  was  one  of 
this  band,  and  my  old  colleague;  Mr.  Dunkin  (then  Assistant  in 
the  newly  formed  Magnetical  and  Meteorological  Department),  had 
previously  been  engaged  on  a  similar  reduction  of  the  Greenwich 
Planetary  observations,  the  results  of  which  shortly  afterwards 
appeared  in  a  thick  quarto  volume.  The  results  of  the  Lunar 
reductions  were  published  a  few  years  later  in  two  quarto  volumes, 
the  proof-sheets  of  which  nearly  all  passed  through  my  hands.  I 
took  also  a  considerable  part  in  the  calculation  of  the  longitude  of 
Valentia  in  Ireland,  as  determined  in  the  year  1844  by  trans- 
mission of  chronometers,  the  expedition  including  also  deter- 
minations for  Liverpool  and  Kingstown.  This  was  one  of  the 
latest  occasions,  I  believe,  on  which  chronometers  were  employed 
on  such  a  scale  for  a  fundamental  determination,  if  there  existed 
telegraphic  communication.  Thirty  mean  solar  chronometers 
were  employed,  and,  as  regards  Greenwich— Kingstown,  and  King- 
stown—Valentia,  some  twenty  journeys  were  made,  comparison 
with  the  sidereal  clocks  of  the  terminal  stations  being  made  by  coin- 
cidence of  beats.  The  observing  work  was  considerable,  and  the 
calculations  were  voluminous.  The  resulting  longitude  of  Valentia 
came  out  41"*  2  3*"23.  It  happens  that,  in  later  years,  two  tele- 
graphic determinations  were  at  diffeient  times  made — one  in  1862, 
giving  41™  23*"37,  and  another  in  1866,  giving  41°*  23'' 19,  all 
referring  to  the  same  point,  Feagh  Main.  Here  are  three  values 
which,  though  deduced  from  observations  by  different  people  using 
different  instruments  and  methods  (for  the  telegraphic  determina- 
tions were  not  similarly  made;  I  myself  took  part  in  that  of  1862), 
differ  in  the  extreme  by  only  o'*i8.  What  I  would  wish  to  point 
out  is  that  although  we  should  all,  I  think,  agree  in  considering 
the  telegraphic  method  as  superior  to  the  chronometric,  we  find 
that,  in  this  instance,  the  chronometric  value  compares  well  with 
the  telegraphic,  being  intermediate  between  the  two,  which  piacti- 
cally  corroborates  the  chronometric  value. 

The  history  of  the  longitude  problem,  both  as  regards  navigation 
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and  astronomy,  is  interesting.  Two  hundred  years  ago  the  sailor 
had  to  depend  on  dead  reckoning.  Consider  the  difficulties  expe- 
rienced by  Comnjodore  Anson  as  late  as  the  middle  of  the  last 
century,  when  in  rounding  Cape  Horn  he  unexpectedly  made  the 
land,  supposing  himself  to  be  some  300  miles  to  the  westward ; 
and  afterwards,  when  he  wanted  to  reach  the  island  of  Juan 
Fernandez  to  recruit  his  sickly  crew,  having  got  into  the  latitude 
of  the  island  he  considered  himself  to  be  west  of  it  when  he  was  to 
the  east,  and  so  lost  twelve  days,  during  which  a  number  of  his 
men  died.  Greenwich  Observatory  was  founded  to  improve  the 
methods  for  finding  longitude  in  the  interests  of  navigation,  but 
sufficiently  good  tables  of  the  Moon  had  not  been  for  very  many 
years  provided  before  the  chronometer  began  to  come  to  the  front, 
and  now  the  lunar  method  has  fallen  practically  into  disuse.  Had 
the  chronometer  been  earlier  perfected,  probably  G-reenwich  Obser- 
vatory might  not  at  the  time  have  been  established,  for  when  erected 
little  further  help  did  Elamsteed  receive  from  the  Government,  his 
memorable  work  having  been  achieved  under  conditions  difficult 
and  depressing.  Astronomers  also  had  in  the  first  instance  to 
depend  for  longitude  on  methods  purely  astronomical.  The  trans- 
mission of  chronometers,  when  the  distance  to  be  traversed  was 
rot  too  great,  was  felt,  although  laborious,  to  be  a  great  improve- 
ment. But  for  all  places  within  reach  of  the  electric  telegraph, 
the  telegraphic  method  has  given  the  death-blow  to  both,  as 
regards  fundamental  work.  Were  the  Chandler  variation  of 
latitude  greater  than  appears  to  be  the  case,  here  might  have  been 
another  troubling  element.  Longitude  operations  have  probably 
reached  a  point  of  accuracy  beyond  which,  for  a  time  at  least,  it 
may  be  difficult  to  advance,  for  the  exchange  of  telegraphic  signals 
(that  is,  the  determination  of  the  difference  being  the  clocks  of 
two  stations)  is  probably  now  less  uncertain  than  the  finding  of 
local  time,  with  its  uncertainties  pf  personal  equation  and  local 
attraction. 

Visitors  to  the  Royal  Observatory  wiU  hardly  fail  to  remember 
the  chronometer-room  on  the  middle  floor  of  the  south-east 
equatorial  building,  that  containing  the  28-inch  refractor.  Here 
are  kept  the  Navy  chronometers,  and  here,  too,  is  preserved  that 
celebrated  Harrison  time-piece,  for  the  perfection  of  which  he 
received  in  the  last  century  the  government  reward  of  £20,000, 
not  entirely,  however,  until  it  was  shown  that  others  could  make 
a  similar  instrument,  a  copy  of  which,  constructed  by  Larcum 
Kendall,  is  also  here  *.  It  may  not  be  generally  known  that  the 
store  of  Navy  chronometers  was,  as  I  have  understood,  originally 
lodged  at  the  Admiralty.  They  were  brought  to  the  Observatory 
about  the  year  1821,  being  then  few  in  number;  and  in  the  year 
1822  public  trials  were  instituted,  money  prizes  of  considerable 
value  being  given  for  the  best  chronometers.     These  trials  have 

*  The  date  eDgraved  on  the  interior  plate  of  the  Harrison  time-piece  ia 
1759,  and  on  that  of  the  Kendall  time-piece  is  1769. 
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since  been  continued,  and  appear  to  have  exercised  considentble  in- 
fluence in  stimulating  improvement ;  but  the  giving  of  special  prizes 
was,  after  a  few  years,  discontinued.     All  government  chrono- 
meters, after  service  on  board  the  ships  of  H.M.  Navy,  come  to 
the  Observatory  for  examination  of  their  condition,  they  then  go 
for  repair,  after  return  from  which  they  undergo  trial,  including 
trial  in  heat,  to  test  their  fitness  for  tropical  climates.     Those  that 
go  through  the  ordeal  suooessfullj  are  passed  as  available  for 
service,  those  that  fail  going  back  for  further  examination  or 
adjustment.    The  best  chronometers  are  purchased    from   the 
public  trials  for  the  ever-increasing  needs  of  the  Navy.    In  the 
early  part  of  Sir  George  Airy's  time  the  number  of  chronometers 
on  hand  would  reach  about  loo,  sometimes  less,  though  on  one 
occasion,  in  1842,  there  were  at  one   time  170.    The  average 
number   on    hand   from   1848    to    18523s  103,    from    1868    to 
1872=190;  but  in  late  years  the  number  has  exceeded  300, 
and  in  the  last  year  exceeded  400.     The  daily  winding,  rating, 
management   of  repairs,    and    correspondence    connected    with 
such  a  number  of  chronometers  occupies  a  considerable  portion 
of    the   time    of  the   staff.      The   attention  given   to    chrono- 
meters   is   one  instance  of  distinctly  utilitarian   work  done  at 
the  Observatory.     In  olden  times  two  chronometers  only  were 
issued  to  each  ship  (unless  a    surveying-vessel,  or  for  special 
reasons),  the  commanding  officer  having  to  provide  a  third,  since 
discordance  between  two  left  a  doubt  as  to  which  was  in  error. 
But  this  stipulation  was  withdrawn  before  I  ceased  to  have  charge 
of  the  chronometers,  more  than  twenty  years  ago,  three  chrono- 
meters being  afterwards  supplied  to  each  ship.     Chronometers 
would  at  times  be  received  from  vessels  that  had  suffered  ship- 
wreck, and  having  been  under  water  were  in  a  ruinous  condition, 
beyond  repair.      I  remember  once  issuing  chronometers  to  an 
officer  who  shortly  afterwards  brought  them  back  to  the  Obser- 
vatory, saying  that,  in  embarking,  the  chronometers  had  been 
accidentally  capsized  into  the  river.    We  opened  the  chronometers, 
took  each  one  out  of  its  brass  box,  but  found  that  in  neither  case 
bad  the  water  got  to  the  movement,  and  there  really  appeared  to  be 
little  the  matter  with  them.    We  placed  them  a  little  way  in  front 
of  a  good  fire,  to  dry  out  any  possible  damp,  and  returned  them 
to  the  chronometer-room,  and,  so  far  as  I  remember,  they  seemed 
to  have   sustained  little  injury,  as  jidged  by  their  subsequent 
performance,   although    we    should  not  have  cared   to   indulge 
chronomet/ors  too  frequently  with  similar  refreshing  baths. 

As  illusti*ating  the  continuous  increase  in  the  number  of 
chronometers  in  store  (very  many  more  being  afloat),  it  may  be 
nientioned  that,  previous  to  the  year  1851,  they  were  all  contained 
in  the  small  room  adjoining  the  principal  library,  now  used  as 
library  No.  2,  being  removed  in  that  year  to  a  much  larger  room, 
one  above  the  old  computings-room  (as  it  existed  previous  to  the 
year  1888).     In  1868,  however,  to  obtain  yet  more  space,  the 
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chronometers  were  again  shifted  to  the  middle  floor  of  the  south- 
^st  dome,  their  present  position  as  before  mentioned;  but  this 
room  has  now  in  turn  become  inadequate  for  the  large  number  of 
chronometers  of  late  years  on  hand. 

Chroilometers  and  the  Navy  lead  us  to  think  of  time-signals. 
The  first  public  time-signal  (that  is,  a  signal  gi>iag  accurate  time) 
was,  so  far  as  I  know,  that  of  the  time-ball  erected  in  the  year 
1833,  over  the  eastern  turret  of  the  old  Flamsteod  building  of  the 
Observatory,  the  setting  up  of  which  I  can  just  remember.  At 
that  time,  and  for  some  years  afterwards,  the  western  turret  was 
used  as  a  camera  obscura,  the  pictures  in  which  on  one  occasion  as  a 
jroung  boy  I  recollect  to  have  much  enjoyed,  the  views  from  the 
Observatory  being  admirable,  but  this  was  eventually  dismantled 
in  order  to  mount  therein  the  still  existing  Osier  anemometer. 
The  time-ball  was  said  to  have  been  proposed  by  Capt.  Eobert 
Waucbope,  E.N.,  some  years  previously,  and  consists,  as  is  known, 
of  a  black  ball  five  feet  in  diameter,  which  is  drawn  to  the  top  of 
a  mast  and  discharged  at  i^  precisely.  It  may  be  of  interest  to 
give   here  a  copy  of  the  original  printed  notice  regarding  the 

establishment  of  this  signal,  which  was  as  follows : — 

• 

Admtbaltt. 

%%th  October,  1833. 

The  Lords  Oommissioners  of  the  Admiralty  hereby  give  notice,  that 
a  Ball  will  henceforward  be  dropped,  every  day,  from  the  top  of  a  pole 
on  the  Eastern  Turret  of  the  Royal  Observatory  at  Greenwich,  at  the 
moment  of  One  o'clock  f.m.  mean  solar  time.  By  observing  the  first 
instant  of  its  downward  movement,  all  vessels  in  the  adjacent  Beaches 
of  the  river,  as  well  as  in  most  of  the  Docks,  will  thereby  have  an 
opportunity  of  regulating  and  rating  their  Ohronometers. 

The  Ball  will  be  hoisted  half-way  up  the  pole,  at  Five  minutes  before 
One  o'clock,  as  a  preparatory  signal,  and  close  up,  at  Two  minutes 
before  One, 

By  Command  of  their  Lordships, 

JOHN  BAJaEOW. 

A  description  of  the  ball  machinery  was  given  in  the  '  Nautical 
Magazine'  for  the  year  1835,  the  illustration  to  which  appears  to 
have  been  taken  from  a  complete  drawing  of  the  ball  machinery 
made  by  my  father  on  a  scale  of  half  an  inch  to  the  foot,  which  I 
afterwards  lodged  in  the  Observatory  archives.  Fntil  the  year 
1853,  the  ball  was  dropped  by  hand,  by  release  of  a  trigger,  the 
error  of  a  mean  time  clock  placed  near  the  trigger  having  been 
previously  determined  to  the  nearest  tenth  of  a  second,  and 
written  on  a  slate  hanging  to  the  clock,  which  was  always  kept 
some  seconds  fast,  there  being  less  liability  to  error  in  releasing 
the  trigger  at  a  number  of  seconds  after  the  hour  by  the  clock, 
than  in  having  to  deduct  the  same  number  of  seconds  backwards 
froin  60  seconds.  The  fall  of  the  ball  was  observed  by  another 
assistant  in  a  different  part  of  the  building,  for  check.  Since  1853 
the  trigger  has  been  electrically  discharged,  by  automatic  action 

2h2 
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of  a  dock  preyiously  adjusted  (without  in  any  waj  toocliing  the 
)endulum)  to  exact  Greenwich  mean  time.  On  1855  Deeemher  6, 
list  before  i*,  when  the  hall  was  in  process  of  being  raiLod,  the 
mil  and  mast  were  blown  into  the  front  court  of  the  Observatory* 
in  a  sudden  gust  of  wind  I  saw  the  fall.  Por  once  no  indication 
of  Greenwich  time.  The  ball  and  mast  were  re-instated  in  a  way 
calculated  to  avoid  similai*  accidents  in  future.  In  1895  the  ball 
and  machinery  underwent  other  extensive  repairs.  Since  the 
erection  of  the  Greenwich  ball  many  other  public  time-balls  and 
time-signals  have  been  set  up  in  different  parts  of  the  world.  One 
at  Deal  is  dropped  daily  at  i*  by  direct  electric  action  from 
Greenwich.  The  further  development  of  time-signals  is,  however, 
much  too  large  a  subject  on  which  to  enter  now. 

I  have  been  asked  why  the  Greenwich  ball  is  dropped  at  i''  and 
why  not  at  noon.  I  have  understood  the  explanation  to  be  that 
in  1833  the  observatory  staff  was  small,  and  two  of  its  members 
having  to  be  in  readiness  each  day  at  noon  to  observe  the  Sun 
with  the  two  meridian  instruments  it  was  considered  better  to 
select  the  following  hour.  There  is  a  further  circumstance, 
whether  influencing  the  decision  or  not  I  cannot  say.  It  is  that, 
on  some  occasions  in  continued  bad  weather,  when  few  stars  have 
been  observed,  it  may  happen  that  a  ghmpse  of  the  Sun  at  noon 
may  be  obtained,  giving  opportunity  for  further  rectification  of  the 
clock  before  dropping  the  ball. 

In  my  previous  paper  I  made  reference  to  the  meridian  instru- 
ments in  use  at  Greenwich  until  the  end  of  the  year   1850, 
Troughton's  transit  and  his  mural  circle.     But  I  can  carry  my 
recollection  back  to  the  time  of  Pond,  and  well  remember  having 
seen  the  25-foot  Samage  reflecting  telescope,  which  occupied  a 
great  part  of  the  front  court  of  the  Observatory.     A  description 
of  this  instrument,  with  illustrative  drawing,  is  given  in  Vol.  11. 
of  the  '  Memoirs  of  the  Eoyal  Astronomical  Society.*     The  date 
of  the  account  is  1825,  and  on  the  drawing  it  is  stated  that  the 
instrument  ^'is  erected  at  the  Eoyal  Observatory,  Greenwich.^ 
It  was  still  at  the  Observatory  when  Sir  George  Airy  became 
Astronomer  Eoyal  in  1835,  and  is  described  in  his  recently  pub- 
lished autobiography,  p.  124,  as  ^*  a  large  useless  reflecting  tele- 
scope."   It  was  before  long  removed,  but  how,  or  what  became  of 
it,  I  never  knew.     I  seem  also  to  remember  having  been  present 
in  the  transit-room  in  Pond's  time  when,  in  observing  transits,  it 
was  the  practise  to  write  down  the  observed  time  at  successive 
wires  on  a  slate,  and,  unless  some  object  necessary  to  be  observed 
intervened,  at  once  copy  the  transit  into  a  book  that  laid  open 
upon  a  desk  at  the  east  side  of  the  room,  entering  the  times  for 
the  separate  wires  in  successive  columns  of  one  horizontal  line, 
the  mean  of  wires  being  added  in  another  coliunn.     The  entries 
in  this  book,  or  a  transcript  thereof  with  certain  additions,  appear 
to  have  served  as  copy  for  the  printer,  the  published  observations 
being  in  much  the  same  form,  for  in  those  times  little  was  done  in 


Oct.  1897,]  Some  Reminiscences.  385 

the  way  of  reduction  of  observations,  although  in  the  later  years 
of  Pond's  time  more  attention  than  before  was  given  thereto. 

I  have  no  recollection  of  the  practise  at  the  mural  circle,  but 
it  was  probably  similar.  Airy  introduced  the  system  of  recording 
observations  in  indelible  memorandum  books  which  are  carefully 
preserved.  So  long  as  two  instruments  continued  to  be  employed 
for  transits  and  zenith  distances,  that  is  until  the  introduction  of 
the  transit-circle  in  185 1,  it  would  sometimes  happen,  in  the  obser- 
vation of  faint  stars  or  small  planets,  whose  places  were  not  very 
precisely  known,  that  by  mischance  the  two  observers  would  not 
fix  upon  the  same  object,  thereby  producing  a  concluded  position 
that  did  not  exist  in  the  heavens.  Or,  again,  a  conversation  such 
as  the  following  might  arise  : — "  You  see  two  stars  together,  with 
a  small  one  following,"  would  say  the  transit-observer.  '•  Yes," 
might  reply  the  mural-circle  man.  "  Observe  the  small  one,  it  is 
nearest  the  place,"  would  answer  the  transit-man.  When  it  is 
remembered  that  this  had  to  be  settled  before  the  object  reached 
the  first  transit- wire,  and  that  there  being  no  chronograph,  the 
transit-observer  had  also  to  pick  up  the  second  from  the  clock,  it 
will  scarcely  be  matter  of  wonder  that  mistakes  were  sometimes 
made.  By  use  of  the  transit-circle  these  inconveniences  became 
obviated,  besides  which  it  possessed  an  apparatus  enabling  the 
wires  alone  to  be  illuminated,  the  field  remaining  dark,  a  useful 
provision,  considering  the  increasing  number  of  small  planets. 
And  further,  one  observer  could  alone  manage  the  meridian  work. 

One  change  of  principle  introduced  by  Airy  at  Greenwich 
(following  his  previous  practise  at  Cambridge)  was  that,  instead  of 
endeavouring  to  keep  the  transit  instrument  adjusted  to  the 
meridian  by  correcting  its  position  from  time  to  time,  the  errors  of 
the  instrument  were  determined,  and  the  necessary  numerical 
correction  made  to  the  individual  observations.  Another  circum- 
stance concerning  manipulation  may  be  mentioned.  In  making 
observations  of  stars  by  reflection  with  the  old  mural  circle,  the 
mercury-trough  had  to  be  adjusted  to  position  entirely  by  the 
observer.  Its  shape  was  longitudinal  in  the  direction  of  the 
meridian,  and,  when  the  mercury  was  slightly  disturbed,  a  string 
or  sort  of  line  of  images  of  bead-like  form  would  appear  in  the 
telescope — a,  principal  central  image  with  others  on  either  side. 
If  by  chance  the  mercury-trough  was  placed  a  little  askew,  the 
string  of  images  would  appear  inclined  to  the  horizontal  wire 
of  the  instrument,  forming  at  the  crossing-point  two  acute  angles, 
and  it  was,  I  believe,  a  tradition  in  the  Observatory  in  Pond's 
time  that,  under  such  circumstances,  as  good,  if  not  a  better,  bi- 
section of  the  reflected  image  of  the  star  could  be  made. 

My  father,  who  took  great  interest  in  the  progress  of  mechanical 
science,  used  to  say  that  he  was  born  fifty  years  too  soon.  He 
might  still  have  said  the  same.  His  was  the  period  of  the  earlier 
growth  of  the  steam-engine,  which  itself  has  become  again  trans- 
formed.    But  in  astronomy  also,  what  <'  fresh  woods  and  pastures 
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new.''  The  marvellous  way  in  which,  by  the  devdbpment  o£ 
spfK^troscopic  and  photographic  methods,  our  power  of  inquiry  into^ 
the  constitution  and  motions  of  the  heavenly  bodies  has  been 
extended  from  the  limits  of  the  solar  system  to  the  more  distant 
celestial  sphere  has  opened  out  a  wonderful  field  of  research,  and 
given  astronomers  a  new  world  to  conquer.  Intricate  and  costly 
apparatus  is  here  no  doubt  necessary,  beyond  the  reach  of  many ; 
but  happily  plenty  of  other  good  work  remains  to  be  done,  and 
numerous  instances  will  occur  to  the  astronomer  of  admiraMe 
results  having  been  obtained,  both  in  former  times  and  in  our 
own  day,  with  but  slender  instrumental  equipment,      W.  Ellis. 


CORRESPONDENCE. 

To  the  Editors  of  '  The  Observatory.^ 

Personal  Equation :  Chronographic  and  Eye-and-Ear. 

Gbntlemen, — 

The  comments  from  the  "Oifwd  Note-Book'*  in  the 
August  number  of  the  *  Observatory '  on  my  paper  upon  Personal 
Equation  in  the  '  Monthly  Notices '  for  May  seem  to  invite  a 
statement  on  my  part.  My  attention  was  called  to  the  subject  by 
reading  a  paper  by  Processor  Newcomb  in  No.  369  of  the 
'  Astronomical  Journal,'  entitled  '^  On  the  Variation  of  Personal 
Equation  with  the  Magnitude  of  the  Stars  observed.^  In  that 
paper  Professor  Newcomb  says :  "  There  will,  I  conceive,  be  no. 
two  opinions  as  to  the  immediate  cause  of  the  error.''  It  did  not 
require  a  long  search  to  find  a  second  opinion  (different)  from 
Professor  Newcomb's  in  the  writings  of  the  experimental  psycho- 
logists. These  investigators,  who  are  men  of  scientific  note  in 
their  respective  countries,  trace  their  intellectual  lineage  back  to 
Bessel  and  other  astronomers,  and  now  claim  that  astronomers 
will  do  well  to  study  their  methods  and  results.  To  see  whether 
their  claims  are  well  founded  was  the  object  of  a  long  and  rather 
intricate  study,  some  of  the  results  of  which  are  given  in  my  paper 
in  the  '  Monthly  Notices '  mentioned  above.  I  believe  I  am 
the  first  astronomer  to  test  this  question  by  actual  numerical 
calculation,  and  to  show  that  the  average  anticipation  of  the 
chronograph  by  the  Greenwich  observers  noting  transits  by  the 
eye-and-ear  method  is  a  quantity  of  the  same  magnitude  (as' 
nearly  as  the  subject  allows)  with  the  actual  time  of  "  simple 
reaction"  to  a  sense  impression,  and  that  the  views  of  Professor 
Wundt  and  other  psychologists  as  to  the  essentially  psychical 
nature  of  the  astronomer's  personal  equations  are  pretty  thoroughly 
confirmed. 

I  conceive  that  astronomers  in  general  have  failed  to  grasp  with, 
sufficient  clearness  the  great  difference  between  the  psychical 
{processes  of  observatien  by  the  eye-and-ear  and.  the  chronographie 
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method  chiefly  because  so  few  observers  have  practised  both 
methods  continuously  for  a  number  of  years  side  by  side.  The 
conclusion  to  which  1  have  come  is  that  Wundt's  contention  is 
a  true  one,  that  the  solution  of  BesseFs  riddle,  as  he  designates  it, 
is  to  be  found  in  psychological  research,  and  that  this  will  be 
sufBciently  evident  to  any  astronomers  who  will  read  the  volumes 
of  the  philosophical  journal  '  Mind/  The  first  volume  contains  an 
article  by  the  late  Mark  Pattison  on  "PhDosophy  at  Oxford,*' 
another  by  Professor  James  Sully  on  "  Physiological  Psychology  in 
Germany":  while  the  volume  for  1895  contains  a  lively  dis- 
cussion by  Professor  Kitchener,  of  Cornell  University  in  Ithaca, 
New  York  State,  and  fortherly  Scholar  of  Brasenose  College,  of 
the  mooted  question  whether  sensorial  reaction  takes  longer,  as  a 
rule,  than  "  motor  "  or  "  shortened  "  reaction,  a  question  on  which 
he  agrees  with  Wundt  and  Lange,  and  differs  from  Professor 
Cattell,  a  pupil  of  Wundt's,  who  does  not  agree  with  his  former 
instructor. 

The  subject  of  Professor  Newcwnh's  paper  is  one  which  has 
become  very  perplexing  to  the  minds  of  astronomers  through  the 
fact  that  the  distinction  between  the  psychic  processes  of  chrono- 
graphic  and  eye-and-ear  observations  has  been  so  frequently  over- 
looked by  the  calculators. 

The  magazine  '  Philosophische  Studien/  edited  by  Professor 
Wundt,  contains  a  number  of  independent  researches  of  thoroughly 
scientific  character  which  offer  much  astronomical  interest.  One 
of  them,  containing  experiments  by  Berger  and  Cattell,  enables  it  to 
be  shown  that  the  average  coefficient  of  the  "  Helligkeitsgleichung  " 
for  chronographic  observations  o''oi3  per  unit  of  magnitude,  as 
determined  by  ProfessOT  Auwers,  is  quite  nearly  reproduced  in  the 
experiments  of  both  investigators.  They  studied  the  times  of 
**  simple  reaction  "  to  lights  of  varying  intensity. 

I  do  not  here  cite  Professor  CattelPs  memoir  "On  Eeaction 
Times  and  the  Velocity  of  the  Nervous  Impulse,"  because  the 
memoir  involves  physiological  considerations  and  does  not  give  the 
materials  for  the  numerical  comparison  with  the  results  of  the 
astronomers.  The  memoir  naoied  is  very  interesting  and  valuable 
on  many  accounts,  and  confirms  the  lengthening  of  the  time  of 
reaction  to  faint  impressions  in  the  senses.  From  this  it  will  be 
seen  that  the  psychologists  can  not  only  teach  the  practical 
astronomers  something,  but  quite  probably  learn  something  from 
them  in  return. 

The  reminiscences  of  the  veteran  W.  Ellis  in  the  same  number 

of  the  *  Observatory '  have  added  a  very  valuable  element  to  the 

discufision  which  I  desire  to  promote,  in  the  account  which  he 

gives  of  his  own  psychic  processes  in  chronographic  observation. 

wn;-«»o  n/^n^^  I  remain,  G^entlemen, 

WilliaiDs  College,  '  JL.-i.i^£  y\ 

WilUam^town,  Mass.,  U.S.A.,  ^^^^^  faithfully, 

1897,  August  30th.  T.  H.  Saitobjd. 

[Prpf ,  Safford's  paper  ii^  .the,  '  Monthly  No<ie«3/  H  wiJl  b^ 
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* 
remembered,  treated  of  the  difference  of  a  transit-observer's 
personal  equation  when  observing  respectively  hj  eye-and-ear 
and  by  the  chronographic  method,  and  he  collected  therein 
examples  of  such  differences,  some  of  which  appeared  to  be  large 
quantities.  It  may  be  worth  pointing  out,  though  doubtless 
Prof.  Safford  has  remarked  the  fact,  that  if  an  observer  is  always 
late^  that  is  if  his  senses  of  touch  and  hearing  both  act  sluggishly, 
his  personal  equation,  from  this  cause,  by  the  two  methods  will 
have  opposite  signs  ;  for  if  he  hears  the  clock  laie  he  records  his 
transit  early ^  >^-hereas  if  he  makes  contact  with  the  button  laie  he 
records  his  transit  late.  Hence  this  sluggishness  of  nerve  action 
has  a  double  effect  on  the  difference  e'— «,  as  Prof.  Safford's 
notation  has  it. 

It  has  always  seemed  to  us  that  personal  equation  is  a  question 
of  lateness  in  different  degree  with  different  observers.  This  idea 
is  borne  out  by  the  fact,  which  Prof.  Safford  points  out,  that  the 
majority  of  G-reenwich  observers  have  been  "anticipatory"  in 
their  eye-and-ear  transits :  that  is,  they  record  them  early  in 
comparison  with  the  chronographic. — Eds.] 

Miss  HerscheVs  Comets. 

GBNTLBMBir,— 

As  it  will  next  January  be  exactly  fifty  years  since  the  death 
of  Caroline  Herschel,  a  few  words  respecting  the  comets  discovered 
by  that  lady,  to  whom  sidereal  and  nebular  astronomy  owe  so  much, 
may  perhaps  just  now  be  of  interest.  The  first  of  these  was  de- 
tected on  the  ist  of  August,  1 786,  at  a  time  when  she  was  taking  an 
opportunity  afforded  by  her  brother's  absence  in  Germany  to  search 
for  comets  (she  says,  ^<  in  the  neighbourhood  of  the  Sun, "  meaning 
in  the  quarter  of  the  heavens  above  where  the  Sun  had  set)  and 
was  rewarded  by  finding  the  one  in  question  (the  second  of  the 
year;  the  first  was  discovered  by  Mechain  on  January  17,  and  is 
now  known  to  have  been  an  appearance  of  the  periodical  comet 
which  acquired  the  name  of  Encke's  on  the  occasion  of  its  return 
in  1 818),  which  had,  as  Mechain  afterwards  calculated,  passed  its 
perihelion  about  three  weeks  before,  on  the  morning  of  July  8. 
Sir  William  Herschel  observed  it  first  on  August  19,  when  he 
found  it  near  and  not  much  unlike  the  nebula  M.  3,  though  con- 
siderably brighter.  It  seemed  also  to  have  a  very  imperfect  and 
conJused  kind  of  gathered  light  about  the  middle,  which  could  hardly 
deserve  the  name  of  a  nucleus. 

The  second  comet  discovered  by  Miss  Herschel  was  found  on  the 
2ist  of  December,  1788,  about  a  month  (as  calculated  by  Meohain) 
after  its  perihelion  passage,  and  the  second  comet  of  the  year,  both 
of  them  being  parabolic  or  at  any  rate  showing  no  deviation  from 
that  form  of  orbit  whilst  under  observation. 

In  1790  Miss  Herschel  discovered  two  comets — I.  of  that  year 
on  January  7,  eight  days  before  its  perihelion  passage,  and  III.  on 
April  18  ;  the  latter  did  not  arrive  at  perihelion  until  May  21,  and 
afterwards  became  visible  for  a  short  time  to  the  naked  eye. 
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Neither  of  these  comets  manifested  any  ellipticity  in  their  orbits ; 
of  the  first  but  few  observations  were  obtained. 

Her  next  cometary  discovery  was  made  on  December  15,  1791  ; 
it  was  the  only  one  seen  in  that  year,  and  reckons  as  1 792  1.,  because 
the  perihelion  passage  occurred  then,  on  January  13.  It  was 
observed  until  the  end  of  that  month,  and  its  orbit  (parabolic) 
determined  by  Mechain. 

Miss  Herschel  independently  discovered  Comet  I.  1793  early  in 
October,  but  was  anticipated  by  Messier,  who  detected  it  ou 
September  27.  She  was,  however,  the  first  to  detect  what  was 
afterwards  known  as  Encke's  comet  at  its  return  in  1795,  noticing 
it  on  November  7.  One  comet  only  was  seen  in  1797;  it  was 
discovered  by  three  persons  independently  (Bouvard  at  Paris, 
Miss  Herschel  at  Slough,  and  Stephen  Lee  at  Hackney)  on  August 
14,  but  Bouvard  seems  to  have  had  the  priority.  The  orbit  of 
this  was  determined  by  Olbers  and  found  not  to  differ  appreciably 
from  a  parabola.  This  was  the  last  of  CaroHne  HerscheFs  come- 
tary discoveries,  so  that  she  had  the  priority  in  five, — on  1786 
August  I,  1788  December  21,  1790  January  7  and  April  18,  and 
1795  November  7  (Encke's).  It  has  often  been  remarked  that 
the  name  Herschel  reckons  amongst  comet-discoverers  only 
through  her,  as  neither  Sir  William  nor  Sir  John  ever  discovered 
one  of  these  bodies.  After  her,  the  next  lady  to  discover  a  comet 
was  Miss  Maria  Mitchell,  who  was  the  first  to  notice  Comet  VI. 
1847,  on  the  ist  of  October  in  that  year,  little  more  than  three 
months  before  the  death  of  Caroline  Herschel. 

Yours  faithfully, 

Blackheath,  1897,  Aug.  13.  W.  T.  Lynn. 

The  Spectra  of  Binary  Stars. 
Gentlemect, — 

I  endeavoured  some  time  ago  to  ascertain  from  the  spectra 
and  orbits  oi  Binary  Stars  the  relative  brilliancy  of  those  with 
different  kinds  of  spectra.  But  many  of  the  orbits  which  I  then 
considered  have  since  been  rejected  as  unsatisfactory  by  the  most 
competent  authorities.  Dr.  See  has,  however,  published  a  list  of 
40  orbits  which  he  regards  as  satisfactory,  and  with  very  few 
exceptions  his  figures  will,  I  think,  convince  most  astronomers. 
Mr.  Bumham  states  that  he  regards  ^6  binary  stars  as  having 
satisfactorily  computed  orbits.  He  does  not  give  a  list,  but  the 
near  agreement  with  Dr.  See  leads  me  to  think  that  they  had  for 
the  most  part  the  same  orbits  in  view.  I  resolved  accordingly  to 
go  over  my  former  results  with  these  selected  orbits,  and  ascertain 
whether  they  still  held  good.  I  hope  on  making  some  further 
inquiries  to  be  able  to  arrive  at  a  fairly  definite  conclusion  on 
this  subject ;  but  the  inquiry  is  rendered  difficult  by  a  fact  which 
I  had  already  noticed,  and  which  comes  out  very  prominently 
when  we  are  dealing  with  selected  orbits  only,  viz.,  that  a  very 
large  proportion  of  the  binary  stars  which  have  satisfactory  orbits 
have  the  same  spectrum.  This  is  the  point  which  I  desire  to 
insist  on  in  my  present  letter. 
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Of  the  40  binary  stars  in  Dr.  See's  list  I  have  been  able  to 
obtain  the  spectra  of  29  from  the  Draper  Catalogue.  Calling 
stars  with  the  spectrum  A,  B,  C,  or  D,  Sirian^  those  with  the 
spectrum  E,  F,  or  G,  CapeUan,  and  those  with  the  spectrum  H,  I, 
K,  or  L,  Arcturian^  the  result  (discarding  notes  of  interrogation) 
is  4  Sirian  stars,  23  Capellan,  and  2  Arcturian.  These  figures  are 
out  of  all  proportion  to  the  frequency  with  which  stars,  and  even 
double  stars,  with  these  kinds  of  spectra  occur  in  the  sky.  What 
is  the  explanation  ?  It  is,  1  think,  indicated  by  another  circum-* 
stance.  Nearly  all  of  the  23  Capellan  binaries  have  proper  motion 
larger  than  the  average,  and  are  for  that  reason  included  in  the 
'  Cincinnati  Catalogue '  for  example.  This  raises  a  presumption 
that  they  are  nearer  to  us  than  their  compeers.  But  if  so,  why  are 
they  not  brighter  ?  If  their  deficiency  in  this  respect  was  due  to 
their  small  masses,  why  should  the  periods  of  revolution  be  so 
short  and  the  angular  measure  of  the  axis-major  of  the  ellipse  so 
considerable  ?  For,  of  course,  they  would  not  find  their  way  into 
Dr.  See's  list  if  the  period  was  very  long  or  the  axis  of  the  ellipse 
too  short  to  admit  of  fairly  accurate  measurement.  We  thus 
seem  to  be  led  by  a  different  path  to  the  conclusion  that  Capellan 
stars  (of  the  same  mass)  are  less  luminous  than  either  Sirian  or 
Arcturian  stars.  However,  my  present  object  is  to  call  attention 
to  the  fact  of  their  remarkable  preponderance,  and  to  express  a 
hope  that  astronomers  will  seek  an  explanation  of  it. 

Tours  faithfully^ 

Dublin,  1897,  Sept  13.  W,  H.  S.  MoiTOK. 

On  the  Reduction  of  Observations. 

GrENTLEMEK, — 

Some  time  ago  attention  was  called  in  your  magaadne  to 
the  very  common  fault  of  using  too  many  decimal  places  in  com- 
putation, and  in  a  recent  note  to  a  closely  allied  fault,  namely 
the  blind  and  implicit  belief,  on  the  part  of  some  computers  and 
astronomers,  in  the  superiority  of  logarithmic  computation  under 
any  and  all  circumstances.  The  writer  says :  — "  The  subject  (use 
of  decimal  places)  is  by  no  means  exhausted,  although  perhaps 
quite  as  much  has  been  said  as  could  have  appropriate  place,  &er 
1  do  not  think  that  too  much  can  be  said  on  this  subject,  for  the 
error  is  a  very  deeply  rooted  one,  and  can  never  be  completely 
eradicated  until  it  has  been  made  the  subject  of  all  the  ridicule  it 
so  justly  deserves.  It  is  not  only  the  question  of  the  mere  waste 
of  time  resulting  from  unnecessary  computation ;  it  gives  to  the 
reduced  result  of  the  observations  a  spurious  appearance  of 
accuracy  that  generally  is  accepted  as  r^  by  the  layman  and 
student,  and  may  mislead  for  the  time  being  those  who  on^t  to 
know  better,  particularly  when  the  result  is  followed  by  that 
magic  and  '*  multitude  of  sins  covering  "  expression  known  in  the 
language  of  least  squares  as  '*  a  probable  error/'  It  ia  time  that 
it  shodid  also  be.  ciearly  a^reciated,  that,  however  valuable  the 
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least-square  method  of  reduction  may  be  when  applied  by  the 
propet*  persons  to  observations  made  under  the  proper  conditions,  it 
is,  I  will  venture  to  say,  in  the  majority  of  cases  in  which  it  ia 
used^  only  another  example  of  a  useless  expenditure  of  labour, 
resulting  in  an  apparent  and  not  a  real  accuracy  of  result.  A. 
"  probable  error,"  rightly  interpreted,  represents  not  a  given 
approach  to  a  true  value,  but  only  a  given  degree  of  consistency 
among  the  observations  themselves,  arising  from  a  more  or  less 
complete  absence  of  sources  of  disturbance — a  very  different  thing 
from  the  elimination  or  reduction  of  the  sources  of  errors  of 
observation,  either  constant  or  accidental. 

Professor  Turner  has  begun  the  campaign  against  these  least 
square  seven-figure  logarithmic  methods  of  obtaining  scientific  (?) 
results,  in  which  it  is  hoped  he  will  persevere  until  they  have 
comp  to  be  estimated  at  their  true  value.  He  is  being  ably 
supported  by  Professor  Bnmham,  whose  recent  investigations  of 
the  computed  elements  of  certain  double  star-orbits  demonstrate, 
as  nothing  else  has  done  for  a  long  time,  the  utter  folly  of 
expending  a  great  amount  of  mathematical  labour  on  observations 
which  are  themselves  so  few  in  number  and  so  discordant  as  those 
from  which  these  elements  had  been  deduced.  These  efforts 
should  certainly  meet  with  the  heartiest  support  from  all  lovers  of. 
truth  and  real  accuracy  in  scientific  work. 

In  this  connection  it  may  not  be  out  of  place  to  call  attention  to 
a  recent  glaring  example  of  the  questionable  practice  of  giving  the 
results  of  the  measures  of  double  stars,  made  with  comparatively 
small  instruments,  to  the  second  and  even  the  third  place  of 
decimals.  In  a  recent  number  of  the  '  Astronomische  Nach- 
richten'  (No.  3421,  p.  214)  there  is  a  report  of  some  recent 
measures  on  the  position  of  the  Companion  of  Sinus,  which  has 
been  widely  copied  and  quoted  in  other  journals.  These  measures 
were  made  with  a  7-inch  telescope,  which  would  have  a  (visual) 
resolving  power  of  about  o"'6.  In  a  paper  in  the  Phil.  Mag. 
(July  1897,  p.  83)  it  has  been  shown  that  the  accuracy  with 
which  a  fine  point  or  narrow  line  can  be  located  with  reference  to 
the  dovMe  cross  wires  of  a  micrometer  under  the  most  favourable 
conditions  will  not  exceed  5  to  10  times  the  theoretical  resolution. 
And  under  the  conditions  met  with  in  astronomical  work,  in 
which  sitigU  cross  wires  are  generally  used,  and  in  which  the 
distance  between  two  objects  is  measured,  the  accuracy  certainly 
cannot  be  greater  than  three  times  the  resolution ;  i.  €.,  the  error 
of  a  single  double-setting  will  be  at  the  very  least  one  third  the 
resolving  power,  or  in  the  above  case  o"'2.  In  the  first  series  of 
the  measurements  in  question  the  distances  are  given  to  o"*oot, 
quite  regardless  of  the  fact  that  they  vary  among  themselves  by  aa 
much  as  750  times  that  amount.  In  a  second  series,  made  under 
what  the  observer  considers  better  eonditionsy  the  mean  (the 
individual  measurements  are  not  given)  o{  the  measurements  of 
distance  is  given  as 
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If  we  consider  that  the  probable  error  of  a  single  obserratioii 
is  o"*2  (which  would  mean  that  there  were  no  errors  save  the 
minimum  errors  of  setting  the  cross  wires  on  the  two  objects),  we 
might  fairly  infer  that  this  result  (no  other  data  being  given)  was 
the  mean  of  160,000  observations,  the  number  necessary  to  reduce 
the  *'  probable  error"  of  the  mean  to  o"*ooo5,  which  is  perhaps 
even  larger  than  we  are  meant  to  understand  as  the  error  of  this 
determination.  It  is  difficult  to  beUeve  that  the  observer  would 
have  been  able  to  accomplish  this  feat  in  75  minutes,  the  time 
allotted  to  the  making  of  these  observations. 

Yerkes  Obwrvatory,  Yours  faithfully, 

1897,  July  24.  F.  L.  O.  Wadswobth. 

Personal  Equation  SfC. :  and  the  Amateur  Astronomer^ 

Gbntlbmbn,— 

Beading  the  gloss  or  comment  on  my  letter  on  p.  353  by 
the  Owner  of  the  Oxford  ^oto-Book,  it  strikes  me  that  there  is  a 
certain  amount  of  mutual  misunderstanding  between  us.  For  so 
much  of  it  as  I  am  responsible  I  must  express  my  r^;ret  that  my 
command  over  the  English  language  is,  or  was,  not  sufficient  to 
enable  me  to  render  myself  intelligible. 

The  Note-taker  spoke  of  the  subject  of  Personal  Equation  as 
being  "a  link  between  the  professional  astronomer  and  the 
diletianter  It  may  be  that  I  am  too  thin-skinned,  but  this  struck 
me  as  a  covert  sneer  at  that  great  mass  of  astronomical  amateurs 
who,  if  incompetent  to  enter  into  the  arcana  of  fundamental 
astronomy,  have  yet,  many  of  them,  done  real  and  enduring 
service  to  science.  I  am  glad  to  find  that  it  had  a  much  more 
restricted  meaning  than  I  attached  to  it.  In  another  respect,  the 
Owner  of  the  Note-Book  entirely  misapprehends  my  meaning.  It 
was  to  intellectual  and  in  no  sense  whatever  to  pecuniary  wealth 
that  I  was  referring  when  I  spoke  of  **  the  rich  man's  table."  I 
have  said,  over  and  over  again,  publicly  and  privately,  that  I 
consider  the  salaries  paid  to  the  men  who  do  such  splendid  work 
in  our  public  observatories  as  not  only  miserably  mean,  shabby,  and 
cheese-paring,  but  as  utterly  inadequate  to  the  services  which  are 
rendered  in  return  for  them. 

A  word  as  to  your  editorial  comments  in  your  own  "  Notes.'' 
My  meaning  was  simply  this,  that  I  did  not  see  why  (what 
appeared  to  me,  in  my  ignorance,  to  be)  such  an  instructive  paper 
as  that  of  Professor  Safford  should  be  relegated  to  the  dilettante 
any  more  than  one  on  the  E— D  correction,  or  on  the  measure- 
ment of  the  plates  for  the  Astrographic  Catalogue,  the  necessity 
for  both  of  which  1  should  be  among  the  first,  though,  heartily  to 
admit.  But  I  would  say,  ''  these  ought  ye  to  have  done,  and  not 
left  the  other  undone."  It  must  not  be  supposed  for  one  single 
instant  that  I  fail  to  recognize  the  paramount  importance  of 
eliminating  every  conceivable  source  of  instrumental  error,  or  that 
I  do  not  most  thoroughly  appreciate  the  inestimable  value  of  the 
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Astrof^raphic  Chart  and  Catalogue,  which,  when  completed,  will  be 
one  of  the  grandest  achievements  of  the  century,  and  a  hundred,  op 
even  fifty,  years  hence  will  be  simply  priceless  as  the  means  of 
solution  of  more  than  one  problem  which  is  vexata  quaastio  to  the 
astronomer  of  the  present  day. 

With  reference  to  the  relations  between  the  Professional  and 
the  Amateur  Astronomer,  I  can  scarcely  imagine  any  sane  man 
paying  attention  to  such  preposterous  charges  as  those  which  you 
say  have  been  made  in  one  of  your  contemporaries  iu  connection 
with  our  National  Observatory.  Even  to  notice  them  is  to  confer 
a  factitious  importance  on  them.  When  the  navvy's  wife  scratched 
his  face,  and  wonder  was  expressed  that  he  did  not  retaliate,  his 
simple  remark  was :  "  it  pleases  she,  and  it  don't  hurt  me." 
Verbum  sat  sapienti. 

Forest  Lodge.  Maresfield,  Uckfield.  Tours  faithFully, 

1897,  Sept.  6.  William  Noble. 


PUBLICATIONS. 

JtJPITEE-BbOBACHTTJNGEN  an  dee  MANOEA-STERmVAETE,   1895- 

1896. — Under  the  above  title  a  really  magnificent  memoir  on  the 
physical  aspect  of  Jupiter  by  Herr  Leo  Brenner  has  recently 
been  published  by  the  Vienna  Academy  of  Sciences.  The  feature 
which  entitles  the  work  to  be  called  "  magnificent "  consists 
of  a  series  of  very  fine  tinted  charts  of  the  whole  surface  of 
the  planet.  Concerning  these  it  is  safe  to  say  that  nothing  equal 
to  them  in  point  of  finish  and  quantity  of  detail  has  hitherto 
appeared.  The  charts  have  been  constructed  from  drawings  made 
at  hourly  intervals,' but,  since  it  would  necessitate  a.  continuous 
watch  of  nearly  lo  hours  to  delineate  the  whole  surface,  in  this  way 
on  a  single  night,  the  drawings  of  two  ftnd  sometimes  three  con- 
secutive nights  have  been  combined  to  furnish  a  complete  map  of 
the  whole  planet.  Herr  Brenner's  drawings  of  Jupiter  are  well 
known,  and  as  the  work  of  constructing  the  charts  appears  to  have 
been  carefully  done,  the  result  is  very  fine.  We  have  here  a  series 
of  complete  maps  of  the  planet  at  convenient  intervals  throughout 
the  apparition  of  1895-6,  and  by  means  of  these  the  changes 
taking  place  from  time  to  time  can  be  easily  followed.  Excepting 
perhaps  from  a  purely  pictorial  point  of  view,  it  would,  however, 
seem  preferable  to  keep  the  results  of  each  night  separate,  after 
the  manner  adopted  by  the  late  Mr.  E.  P.  Sells  in  his  charts  of 
Jupiter,  published  in  the  'Monthly  Notices,'  vol.  Ivii.  p.  152, 
Herr  Brenner  has  certainly  indicated  by  means  of  brackets  those 
parts  of  his  maps  which  are  based  on  the  work  of  separate  nights, 
but  the  drift  of  the  equatorial  surface- markings  is  too  rapid  to 
enable  the  results  of  two  or  three  nights  to  be  satisfactorily  com- 
bined in  this  way. 

Besides  the  charts  and  a  number  of  separate  drawings  of  the 
planet,  the  work  contains  a  full  detailed  description  of  the  general 
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appearance  of  Japiter*  with  miorometrical  measures  of  the  iati- 
tades  of  the  belts,  and  an  extensive  series  of  tables  designed  to 
show  the  identity  and  motions  of  individnal  markines.  These 
tables  constitute  perhaps  the  least  satisfactory  portion  of  the 
present  memoir.  Most  of  the  positions  contained  in  them  are 
only  derived  from  drawings,  and  are  consequently  merely  approxi- 
mate. As  the  spots  on  Jupiter  are  very  numerous  and  frequently 
have  a  close  resemblance  to  one  another,  it  is  easy  under  such 
circumstances  to  make  mistakes  in  identification.  Hence  it  is  not 
surprising  to  find  that  the  positions  of  markings  held  to  be  the 
same  are  often  very  discordant,  and  that  Herr  Brenner  sometimes 
comes  to  very  anomalous  conclusions  relative  to  the  motions  of  the 
spots.  The  apparently  highly  irregular  motions,  to  which  atten- 
tion is  frequently  called,  appear  to  be  largely  due  to  errors  of 
observation  or  mistakes  in  identification,  and  the  conclusions  at  the 
end  of  the  work  are  vitiated  in  consequence  *.  Kotwithstanding 
this  defect,  however,  Herr  Brenner's  work  cannot  be  regarded  as 
otherwise  than  magnificent,  and  it  should  be  in  the  hands  of  every 
observer  or  student  of  the  planet.  Only  caution  should  be  exercised 
before  accepting  the  identifications  of  the  spots.  A.  S.  W. 


NOTES. 

CoMBT  Notes. — We  continue  the  ephemeris  of  d' Arrest's  Comet 
from  Ast.  Nach.  3441.     It  is  for  Paris  midnight : — 

B.A.  B.  Beo. 

Oct.     4 4  32  58       2  45      Oct.   20...,     4  24  54       5   12 

21  34  5  42 
17  49  64 
13  45  6  31 
The  comet  was  observed  by  Cerulli  on  Aug.  25,  the  E.A.  being 

34  seconds  less  than  that  of  the  ephemeris.     It  was  extremely 

faint. 

Comet  1897  L  (Perrine)  was  observed  by  Mr.  Thome  at  Cordoba 
up  to  April  29  last,  when  it  was  an  exceedingly  faint  object,  only 
observable  with  great  difficulty.  This  comet  faded  much  more 
rapidly  than  would  have  been  expected  from  its  theoretical 
brightness. 

'Bulletin  Astronomique '  for  August  contains  a  preliminary 
discussion  of  the  orbit  of  Comet  1886  Y.  (Brooks),  by  Mdlle* 
Klumpke.  This  comet  was  discovered  on  April  27,  1886,  and 
was  observed  in  the  northern  hemisphere  up  to  May  28,  and  in 
the  southern  hemisphere  from  July  3  to  July  30. 

In  this  preliminary  discussion  Mdlle.  Klumpke  only  uses  four 

*  In  order  to  realize  the  value  of  exact  observations,  it  is  only  necessarj  to 
compare  the  discordant  positions  of  many  of  the  spots  in  the  tables  with  the 
relatively  very  accordant  ones  of  the  "  violin  **  and  "  garnet"  spots  on  p.  19. 
The  two  last-named  spots  were  accurately  observed,  and  their  slow,  steady, 
drift  to  the  westward  is  well  shown. 
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observations  made  on  April  29,  May  25,  July  6,  July  30.  Trora 
these  she  shows  that  the  assumption  of  a  parabolic  orbit  is  inud- 
missible,  and  deduces  the  following  elliptic  elements  : — 

T  =  1886  June  7-3913  Paris  M.T. 


T  33  •  54   50 


i886-o. 


Q> 192    37    27 

t    87    40    24 

loge 9*99857 

\ogq 9*43106 

Period 745  years. 

The  September  number  of  the  same  publication  contains  some 
researches  on  the  stability  of  comets  of  short  period.  We  have 
in  recent  years  seen  evidence  of  disintegration  in  several  cases, 
and  M.  Callandreau  shows  in  the  paper  referred  to  that  this  can 
be  accounted  for  by  the  perturbative  action  of  the  Sun  and  Jupiter 
on  the  different  portions  of  the  comet,  without  having  recourse  to 
thermal  or  electrical  agencies. 

There  is  also  in  the  sqime  number  a  computation  of  the  secular 
variations  of  the  orbit  of  Encke's  Comet  produced  by  Jupiter  and 
Saturn.  This  is  by  M.  A.  Lebeuf,  and  the  following  are  his 
results  for  the  combined  action  of  the  two  planets : — 

<Xt  at  at 

dt      ^^      '         dt         ^  A.C.D.C. 


MiNOB  Planet  Notes. — Three  new  planets  have  been  dis- 
covered by  M.  Charlois — DQ,  DH  on  Aug.  25,  and  DI  on  Aug.  27. 
These  are  the  first  discoveries  of  the  present  year. 

The  following  two  planets  have  been  named : — 

(354)    Eleonora.  (416)    Vaticana. 

They  were  discovered  by  M.  Charlois  1893,  Janu  17,  and  1896, 
May  4  respectively. 

Planet  DC,  discovered  by  Charlois  1896,  Dec.  28,  has  received 
the  permanent  number  425.  A.  C.  D.  C. 

The  Total  Solae  Eclipse  of  1898  Jantjaet  21. — Preparation 
and  arrangements  are  beginning  to  be  made  for  the  forthcoming 
Indian  Eclipse.  "We  are  indebted  to  papers  by  Mr.  E.  W. 
Maunder  for  the  following  resume  of  the  programme  laid  down 
for  the  English  expeditions. 

Three  parties  will  be  sent  out  by  the  Eclipse  Committee. 

Sir  J.  N.  Lockyer  and  Mr.  Eowler  will  be  stationed  near  Eat- 
nagiri  on  the  west  coast.  The  equipment  will  be  chiefly  spectro- 
scopic, and  will  include  two  telescopes  of  nine  and  six  inches 
aperture  respectively,  furnished  with  objective  prisms  and  an  in* 
tegrating  spectroscope  having  two  3-inch  prisms  of  sixty  degreest 
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The  method  of  observation  with  all  three  iDstraments  will  be 
photographic,  a  long  series  of  varying  exposures  being  made  with 
the  objective  prisms,  whilst  an  exposure  of  sixty  seconds  will  be 
given  with  the  integrating  spectroscope. 

The  second  official  party,  consisting  of  the  Astronomer  Boyal, 
Prof.  Turner,  and  Dr.  Common,  vrill  occupy  a  station,  which 
xull  probably  be  Jeur  or  Marad,  about  loo  miles  south  of 
Poona.  The  Astronomer  Boyal  will  take  the  Thompson  photo- 
ht-lios^raph  of  nine  inches  aperture  and  8  ft.  6  in.  focal  length, 
furnished  with  a  secondary  magnifier  placed  within  the  focus 
«»o  ns  to  give  an  image  of  the  Sun  four  inches  in  diameter. 
Prof.  Turner  will  use  the  double  camera,  which  has  already  seen 
senice  in  more  than  one  eclipse.  This  consists  of  two  square 
camera  tu  ^es,  six  feet  long,  one  furnished  with  the  "  Abney  ** 
photographic  lens  of  four  inches  aperture  and  5  ft.  2  in.  focal 
length,  the  other  with  a  4-inch  object-glass,  which  will  be  supplied 
with  a  secondary  magnifier  so  as  to  give  an  image  of  the  Sun 
i^  inches  in  diameter.  This  instrument  and  the  Astronomer 
Royal's  instrument  will  be  fed  by  a  sixteen-inch  plane  mirror 
mounted  as  a  coelostat.  Dr.  Common's  equipment  will  be  the 
same  as  he  took  to  Norway  last  year — a  6-inch  doublet  lens  by 
Grubb,  giving  an  image  of  the  Sun  3  J  inches  in  diameter,  a  slit 
spectroscope  with  3|-inch  lenses  and  two  prisms  of  sixty  degrees, 
and  a  grating  spectroscope  to  be  used  without  a  slit.  The  plates 
for  the  Astronomer  Royal's  coronal  photographs.  Dr.  Common's 
photographs  with  the  6-inch  lens  and  with  the  grating  spectroscope, 
are  all  to  be  of  dimensions  12  x  10  inches. 

The  third  expedition  sent  by  the  Committee  will  take  up  its 
position  at  "Wardha,  on  the  G-reat  Indian  Peninsula  Railway  line. 
Here  Mr.  Newall  will  use  a  large  slit  spectroscope  in  an  endeavour 
to  determine  the  speed  of  rotation  of  the  corona  by  the  relative 
displacement  of  its  spectrum-lines  east  and  west  of  the  Sun,  and 
Capt.  Hills  will  use  two  spectroscopes  with  slits  respectively  tan- 
gential and  radial  to  the  Sun's  limb.  Dr.  Copeland  will  be  in  this 
neighbourhood. 

Some  twenty  or  more  members  of  the  British  Astronomical 
Association  propose  to  go  to  India  and  will  occupy  a  station  near 
Nasur,  on  the  South  Mahratta  Railway,  107  miles  south  of  Poona. 
Prof.  Michie  Smith  will  be  at  Karad  on  the  same  railway-line,  and 
Prof.  Naegamvala,  with  his  elaborate  equipment  and  about  twenty 
assistants,  will  be  at  Jeur  on  the  Grreat  Indian  Peninsula  Railway. 

An  expedition,  vnih.  Prof,  Campbell  as  chief,  from  the  Lick 
Observatory  has  been  organized.  The  programme  of  this  ex- 
pedition will  be  both  spectroscopic  and  photographic. 

Two  NEW  DiYisiONS  IN  THE  Satfbnian  Rings. — We  have 
received  the  following  from  Herr  Brenner,  at  Lussinpiccolo,  dated 
Sept.  3  : — '*  On  the  27th  August  I  discovered  two  new  divisions 
in  the  rings  of  Saturn  :  the  one  between  the  Manora  division  and 
the  inner  edge  of  the  crape  ring  is  identical  with  the  Struve 
division,  discovered  in  1850,  and  seen  again  in  1887  by  StruvaerU 
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The  other  division,  hetween  those  of  Encke  and  Cassini,  is  quite 
new  and  was  never  before  seen.  Nevertheless  it  was  more 
consipcuous  than  the  Encke  division  and  more  extended  too. 
Mrs.  Manora  saw  it  with  ease,  and  so  did  we  every  day  (up  to 
date)  since  27th  August !  But  I  must  mention  that  for  9  days 
we  have  had  'air  i '  every  night  and  almost  every  day  !  The  best 
illustration  to  show  what  kind  of  seeing  this  represents  is  the  fact 
that  Saturn  shows  a  perfectly  steady  image  at  an  altitude  of  only 
12°,  and  that  powers  up  to  830  diameters  could  be  employed. 
Besides  we  were  able  to  observe  these  new  divisions  even  half  an 
hour  before  sunset !  It  is  a  pity  that  no  English  observer  has 
been  able  to  visit  our  observatory  during  the  last  days  ;  for  those 
who  have  not  seen  such  a  calm  and  transparent  air  would  scarcely 
credit  its  possibility  ! " 


The  Constant  of  Abbeeatiok. — Not  the  least  interesting  fact 
relating  to  the  series  of  observations  by  Talcott's  method  which 
are  being  made  at  various  observatories  for  determination  of 
variation  of  latitude,  is  that  they  give  as  a  bye-product  a  value  of 
the  aberration  constant.  Prof.  Doolittle,  who  made  such  a  series 
for  latitude  in  1892-93,  has  lately  published  (Ast.  Journ.  No.  406) 
the  resulting  value  for  the  constant  of  aberration,  which  comes 
out  2o"*5S  +o'oi.  For  the  following  short  collection  of  similar 
results  we  are  indebted  to  '  Nature  ' : — 

1843 Struve     20*445 

1844 C.  A.  F.  Peters 20*503 

.    1849 C.  A.  E.  Peters 20*481 

1850 Maclear 20*531 

1861 Main   20*335 

1882 Downing 20*378 

1883 Nyren     20*492 

1888 Kustner  . , 20*313 

1895 Newcomb    20*5 1 1 


Me.  Innes,  Avriting  from  the  Observatory,  Cape  of  Qood  Hope, 
says: — '*  The  double-star  A  4707  =  Bris.  5071,  R.A.  14**  46", 
Dec.  —66^  o',  is  evidently  a  fairly  rapid  binary.  I  swept  across 
it  recently  and  made  a  rough  estimation  as  follows:  ^=140^, 
A=o"*7,  mags.  8*4  and  8*6.     Previously  we  have: — 

A  1835... 220"     i''*5  in 

h  1837 225      I  *5  4n 

Eussell  1 87 1    ....     Not  fouud.  i  n 

**  The  night  on  which  Mr.  Eussell  looked  for  the  double  was 
foggy ;  nevertheless,  no  doubt  the  star  was  examined  but  found 
to  be  single  then."    

From  an  Oxford  Note- Book. 

Bbeoee  our  next  number  is  published  the  Yerkes  Observatory 
will  have  been  formally  opened.     The  opening  ceremony  was 
vol.  XX.  2i 
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originally  fixed  for  a  date  now  more  than  a  year  back  ;  bat  several 
circumstances  have  caused  delay,  one  of  them  amounting  to  a 
sensation  of  considerable  magnitude,  viz.,  the  falling  of  the 
movable  floor  for  the  big  telescope  from  top  to  bottom  of  its 
run  only  a  few  days  after  it  had  been  erected. 

I  have  lately  received  some  photographs  of  the  wreckage,  which 
give  a  terribly  vivid  notion  of  the  disaster.  One  trembles  to  think 
of  what  might  have  occurred  had  the  fastenings  held  a  little 
longer — say  until  the  floor  was  crowded  with  visitors,  whose  extra 
weight  might  very  easily  have  been  the  determining  cause  of  the 
fall.  As  it  is,  by  marvellous  good  fortune,  no  one  was  oa  the 
floor  at  the  time,  and  the  damage  done  was  only  material,  though 
sufficiently  serious  at  that.  There  seems  to  be  no  doubt  that  the 
cause  of  the  accident  was  careless  engineering — carelessness  of  a 
very  culpable  kind ;  but  for  some  reason  the  exact  facts  are  not  to 
be  made  public.  By  strenuous  exertions  the  floor  has  been  repaired 
with  extraordinary  speed,  and  it  really  seems  as  if  a  start  would 
soon  be  made  with  the  great  telescope. 


Pbofbssor  Babnaj&d  baa  indeed  apparently  got  to  work  already. 
A  copy  of  the  '  San  Erancisco  Chronicle '  for  September  i  gives 
the  following  account  of  a  "  new  discovery  "  made  by  him : — 

He  pointed  the  instrument  toward  the  region  located  to  the  astronomer  in 
the  position  of  312  degrees,  distance  53  minutes.  He  had  frequently  pointed 
the  Lick  instrument  at  the  same  spot  with  the  expectation  of  finding  something 
new.  To  Burnham  on  Mount  Hauiilton  it  showed  space  and  nothing 
more.  He  watched  whole  nights,  but  discovered  notning.  He  (Prof. 
Barnard  ?)  swung  the  giant  tube  toward  the  region,  and  the  first  dis- 
covery at  the  Yerkes  Ob^rvatory  was  registered  on  the  dial  near  the  dome. 
The  unknown  wanderer  was  found  near  Winnecke's  companion  to  Vega. 
Although  it  might  claim  some  distant  relationship  to  Vega's  companion,  it  is 
too  far  away  to  be  considered  as  physically  connected  with  that  luminary,  and 
may  have  an  orbit  of  its  own.  As  Yega  has  been  one  of  the  best-obseryed 
bodies  of  beayenly  wanderers,  the  discovery  speaks  volumes  for  the  new  lens, 
and  also  disproves  the  theory  of  Professor  Lowell  as  to  the  unfavourable 
atmospheric  conditions  of  the  region  in  which  the  telescope  is  located. 


It  is  not  very  clear  what  exactly  was  found  out,  and  so  I  give 
the  extract  literally,  for  the  sake  of  those  who  are  clever  at 
guessing.  The  announcement  may  have  been  made  more  intel- 
ligibly through  other  channels  ;  and  if  so,  readers  will  have  a  key 
for  translating  the  above  account.  As  it  stands,  we  can  only 
surmise  that  the  object  discovered  is  a  faint  companion  to  some 
star,  the  designation  '*  wanderer  "  not  meaning  that  it  is  a  planet 
or  a  comet,  only  that  it  "  may  have  an  orbit  of  it«  own."  But 
there  is  an  unmistakable  note  of  satisfaction — nay  almost  triumph 
— in  the  account,  which  must  have  been  sounded  originally  at 
headquarters  ;  the  telescope  and  climate  have  both  behaved  well, 
that  is  certain ;  and  we  can  afford  to  wait  patiently  for  further 
news.  It  is  specially  pleasing  to  know  that  the  atmospheric 
conditions  are  good,  at  least  at  this  time  of  year.  In  the  winter 
we  have  already  heard  that  it  is  terribly  cold  at  Lake  Qeneva,  and 
work  practically  impossible  at  times.     When  and  where  Professor 
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Lowell  disparaged  the  climate  I  do  not  know,  but  incidentally  I 
may  say  that  he  has  been  kind  enough  to  tell  us  something  of  his 
opinion  of  Mexico  and  Arizona  in  a  brief  note  which  will  appear 
next  month.  

The  phrase  about  "  registering  the  first  discovery  on  a  *  dial 
near  the  dome ' ''  is  one  of  the  most  interesting  bits  of  the  puzzle. 
I  confess  I  don't  quite  know  what  this  is.  Is  it  merely  the 
tapping  off  of  some  position  chronographically  ?  Or  is  the  dial 
some  apparatus  for  publicly  announcing  a  discovery  ?  At  Wash- 
ington Professor  Harkness  has  arranged  very  ingeniously  for  the 
readings  of  circles  to  be  shown  in  dial-fashion ;  and  some  form  of 
his  apparatus  may  have  been  adopted  at  the  Terkes  Observatory* 
But  this  is  only  surmise.  Perhaps  Professor  Hale  will  tell  us 
some  time  what  this  dial  is. 


Paeadoxbrs  are  fearfully  and   wonderfully   made.      Two  of 
them  have  lately  produced  a  volume  *  of  500  pages  on  '  Some 
Unrecognized  Laws  of  Nature ' — a  book  just  the  size  of  De  Mor- 
gan's whole  '  Budget  of  Paradoxes.'     Nature  is  explained  by  means 
of  four  First  Principles,  viz.,  the  laws  of  Persistence,  Unequal 
Resigtauce,  Equalization,  and  Eeciprocity,  from  which  follow  eight 
propositions.     Proposition  II.  is  interesting  in  relation  to  the  old 
problem  of  Mahomet's  coffin.     "  A  body  attracted  simultaneously 
by  two  or  more  bodies  in  opposite  directions  will  assume  a  position 
between  such  bodies,  and  proportionally  nearer  lo  the  one  by  which 
it  is  more  strongly  attracted."     (No  proof  is  offered,  of  course ; 
the  paradoxer  is  generally  careful  to  throw  the  onus  prohandi  on 
others.)     These  propositions  are  then  applied  to  the  elucidation 
of  planetary  motions  as  follows  : — 

In  the  first  place,  Sun  and  Earth  would  attract  each  other,  being  in  different 
states  of  excitation.  And  if  Sun  and  Earth  were  not  simultaneously  attracted 
in  opposite  directions  they  would  meet.     But  both  Sun  and  Earth  are  pulled 

at  the  same  time  in  other  directions What  bodies  draw  them  in  other 

directions  we  shall  not  undertake  to  consider  here 

Coming  back  to  opr  main  argument,  from  the  length  of  the  Earth's  orbit  and 
the  nimiber  of  axial  revolutions,  we  have  deduced  the  diameter  of  the  Earth's 
sphere  of  influence  as  opposed  to  that  of  the  Sun.  .  .  . 

It  is  hardly  possible  to  apply  this  theory  without  being  forced  to  the  con- 
clusion that  the  Sun-spots  may  be  planets  in  a  very  low  state  of  excitation.  .  ,  . 
The  irregularity  in  shape  of  Sun-spots  presents  no  difficulty  to  the  theory  that 
they  are  planets  but  a  comparatively  short  distance  from  the  Sun  and  revolving 
round  it,  for  if  thumb  and  forefinger  be  brought  near  each  other,  but  without 
actually  touching,  while  looking  at  a  strong  light,  they  will  be  seen  us  if  con- 
nected by  two  protuberances. 

It  is  curious  that  people  who  can  calmly  write  down  such  sen- 
tences should  accept  anything  at  all  from  such  mistaken  lunatics 
as  ordinary  scientific  folk  must  seem  to  them  ;  yet  the  authors  of 
this  amazing  production  use  the  figures  of  the  *  Nautical  Almanac ' 
to  explain  precession.     I   wonder  how   and  where  exactly  they 

*  *  Some  Unrecognized  Laws  of  Nature  * :  Singer  and  Berens.    (London : 
John  Murray,  1897.) 
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think  we  have  gone  wrong?  Again,  how  comes  a  respectable 
publisher  to  aid  and  abet  them,  and  to  encourage  his  press- 
reader  to  the  *'''  painstaking  and  searching  vigilance  which  enabled 
him  to  discover  and  to  correct  so  many  slips  of  grammar  as  almost 
to  justify  in  us  (the  authors)  the  hope  that  none  are  left  in  the 
book  "  ?     (The  italics  are  mine.) 

De  Mobqan,  at  the  end  of  his  *'  Budget  of  Paradoxes,'  insisted 
that 

All  is  not  barren :  I  think  I  ahall  find,  on  casting  up,  that  two  oat  of  fire  of 
my  paradozers  are  not  to  be  utterly  condemned.  Among  the  better  lot  will  be 
found  all  gradations  of  merit ;  at  the  same  time,  as  was  remarked  on  quite  a 
different  sulgect,  there  may  he  Httle  to  choose  between  the  last  of  the  saved  anJ 
the  iirst  of  the  lost. 

I  don't  know  whether  he  meant  to  include  in  the  gradations  of 
merit  possibilities  of  amusement ;  if  so,  Messrs.  Singer  and  Berens 
ought  to  come  rather  high  up,  and  would  have  been  higher  still  if 
it  had  not  been  for  that  proof-reader.  But  I  am  sorry  to  see  that 
the  book  was  printed  at  the  Oxford  University  Press. 

At  the  moment  of  sending  these  notes  for  press  (Sept.  29*  9^* 
G.M.T.),  1  have  just  received  a  letter  enclosing  the  following 
circular,  which  I  think  appeals  sufficiently  strongly  to  our  sym- 
pathies to  be  printed  at  the  earliest  possible  moment : — 

Lobs  of  Libbaby  by  Fibb. 

On  September  14,  1897,  at  1.30  a.m.,  the  Grand  Canyon  Hotel  in  Flagstaff 
was  discoTered  to  be  on  fire,  and  within  20  minutes  from  the  first  alarm  the 
entire  building  was  in  fiames.  Owing  to  the  headway  already  made  before  the 
alarm  was  given,  and  the  insufficiency  of  the  water  supply,  and  the  consequent 
weakness  01  the  fire  department,  all  hope  of  saving  the  contents  of  the  building 
was  at  once  given  up.  In  this  Hotel  had  been  the  Office  of  Mr.  Oogshall  and 
myself  ever  since  the  beginning  of  our  work  with  the  Lowell  Observatory, 
August  I,  18^6,  and  our  apartments  contained  all  the  mathematical,  astro- 
nomical, physical,  and  other  books  which  I  had  brought  with  me  from  Chicago, 
or  since  purchased;  besides  various  precious  papers,  letters,  manuscripts, 
pictures,  &c.,  and  the  records  of  our  work  on  the  double  stars  of  the  southern 
hemisphere.  The  night  being  unfavourable  for  observations  we  had  retired, 
and  in  the  hurried  moments  of  darkness  and  confusion  attending  the  evacuation 
of  the  burning  building,  we  were  barely  able  to  save  the  records  of  the  Observa- 
tory, the  general  manuscript  catalogue  of  all  double  stars  within  75°  of  the 
south  pole,  and  a  few  other  works  such  as  the  '  M^cani que  Celeste ' — everything 
else,  the  library  of  books,  the  manuscripts,  letters,  pictures,  personal  efiects, 
being  a  total  loss. 

As  this  destruction  of  the  library  will  necessitate  the  formation  of  a  new  one, 
I  beg  to  state  tJhat  I  am  desirous  of  restoringr  first  the  astronomical  works 
relating  to  the  double  stars  of  the  southern  hemisphere.  If  friends  or  other 
men  of  science  with  whom  I  have  exchanged  publications  should  have  copies  or 
reprints  of  their  works  which  they  would  feel  disposed  to  offer,  I  need  hardly 
add  that  they  would  prove  very  useful  and  be  received  with  grateful 
appreciation. 

The  writer  hopes  before  long  to  offer  to  his  correspondents  another  con- 
tribution, namely,  the  discoveries  and  measures  of  double  and  multiple  stars  in 
the  southern  hemisphere  made  at  the  Lowell  Observatory,  which,  fortunately, 
he  was  able  to  rescue  from  the  flames.  T.  J.  J.  See. 

Lowell  Observatory, 

Flagstaff,  Arizona,  Sept.  16,  1897. 
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On  the  Climatic  Causes  of  the  Removal  of  the  Lowell 
Observatory  to  and  from  Mexico. 

Climate,  viewed  telescopically,  is  perhaps  the  most  pregnant  of 
all  the  astronomical  possibilities  of  the  day ;  to  it  are  already  due 
the  recent  results  it?  planetary  work  which  seem  so  incredible  to 
those  who  have  not  seen  the  phenomena,  and  the  vista  widens  on 
acquaintance.  To  give,  therefore,  in  answer  to  a  request  of  the 
Editors  of  the  *  Observatory,'  the  reasons  for  the  removal  of  this 
Observatory  to  and  from  Mexico,  may,  as  they  suggest,  be  of 
interest  to  observers  generally — the  more  so  that  the  conditions 
at  Tacubaya  have  opened  our  eyes  to  certain  further  necessary 
details  in  our  search  for  the  great  desideratum. 

Throuah  three  media  comes  to  us  our  knowledge  of  ultra- 
terrestrial  things — the  air,  the  instrument,  and  the  observer ;  and 
80  skilled  have  opticians  become  in  these  latter  days  that  it  is  to 
the  performance  of  what  stands  without  the  instrument  at  its  big 
and  little  ends  respectivelv,  not  to  the  instrument  itself,  that 
vision  or  non- vision  is  chiefly  due.  As  to  what  stands  at  the  little 
end,  two  points  alone  need  be  touched  upon  here — points  based 
upon  some  experience  in  the  matter :  first,  that  eyes  differ  very 
little,  brains  very  much ;  and  secondly,  that  brains  differ  not  only 
in  penetration  with  all  that  that  term  includes,  but,  for  psychic 
reasons,  in  their  openness  to  certain  broad  classes  of  perception. 
In  air  which  falls  below  unmistakable  revelation,  an  acute  detector 
of  faint  points  of  light  will  remain  bhnd  to  planetary  detail  which 
to  another  is  much  the  more  obvious  of  the  two  phenomena,  and 
each  passes  for  a  visionary  to  his  neighbour  until  improved  atmo- 
spheric conditions  prove  each  to  be  right.  Curious  instances  of 
this,  even  as  between  different  classes  of  detail,  as  that  between 
the  double  canals  of  Mars  and  the  canals  in  the  dark  regions  of  the 
same  planet,  have  come  under  my  immediate  notice.  Practice  has 
shown  me  that  observers  are  more  likely  to  be  prejudiced  against, 
than  for  one  another's  discoveries,  but  that  improvement  in  the 
i^ing  ahnost  invariably  corroborates  what  one  had  been  tempted 
to  doubt. 
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But  to  bo  sure  of  his  facts  even  an  acute  observer  must  have  good 
air  ;  and  what  an  "  open  sesame  "  good  air  is  can  be  appreciated 
only  by  those  who  have  tried  it.  The  wonder  is  that  we  can  ever 
perc-Mve  anything  from  the  pit  of  that  vast  seething  cauldron  we 
call  the  atmosphere.  Thanks  to  Mr.  Douglass,  however,  we  are 
beginning  to  see  daylight  in  the  theoretic  conditions  necessary  to 
secure  the  best  place  at  the  bottom  of  our  ocean.  From  what  he 
has  learned  we  now  know  that  the  currents  in  the  air  are 
composed  of  waves  of  condensation  and  rarefaction  which  can  be 
seen  and  measured ;  that  these  waves  refract  the  incident  rays  in 
a  manner  which  is  calculable ;  and  that  in  consequence  certain 
currents  are  bad,  certain  others  comparatively  harmless.  We  are 
beginning,  in  short,  to  unravel  the  tangled  skein  furnished  us  by 
nature.  Into  this,  which  to  us  is  the  most  interesting  part  of  the 
subject,  I  cannot  here  go.  I  shall  but  mention  a  single  point 
to  show  its  trend.  The  controversy  between  large  and  small 
apertures  turns  out  to  be  a  question  of  the  wave-length  of  these 
waves.  If  the  wave-length  be  more  than  double  the  aperture  of 
the  smaller  glass,  we  get  bodily  motion  of  image  without  confu- 
sion, while  in  the  larger  one  we  get  blurring  of  detail.  The  proof 
of  this  is  evident.  Sometimes,  therefore,  the  smaller  glass  shows 
the  better  definition;  sometimes  the  larger.  The  wave-lengths 
vary  in  different  currents  from  half  an  inch  to  some  feet. 

Here,  however,  I  must  confine  myself  to  the  practical  side  of 
the  subject,  and  give  of  this  an  illustrative  example,  the  difference 
between  Flagstaff,  Arizona,  and  Tacubaya,  Mexico. 

Water-vapour  is  the  great  telescopic  bugbear.  For  water- 
vapour  is  to  the  air  what  emotion  is  to  a  character :  the  great 
unsettler  of  equilibrium.  If  nothing  occur  to  cause  disturbance, 
water-vapour  is  no  bar  to  sight,  some  of  the  best  definition  being 
got  through  fog ;  but  the  moment  anything  upsets  the  equilibrium 
the  presence  of  water  in  the  air  increases  the  catastrophe,  owing 
to  the  thermic  qualities  it  possesses.  To  secure,  therefore,  a 
climate  as  continuously  good  as  possible,  we  must  go  where  water 
is  scarce,  or,  in  other  words,  to  some  part  or  other  of  the  two  great 
desert  }»elts  that  girdle  the  earth :  the  northern  one  consisting  of 
the  great  American  desert,  the  desert  of  Sahara,  the  Arabian 
desert,  and  the  desert  of  G-obi ;  while  the  southern  one  is  made 
up  chiefly  of  the  South  American  deserts  to  the  west  of  the 
Andes  in  Peru,  Bolivia,  and  Chili,  and  parts  of  the  Australian 
Continent. 

In  the  next  place,  the  less  air  we  can  have  above  us  the  better. 
Consequently  we  must  select  as  elevated  portions  of  these  deserts 
as  we  can.  On  the  other  hand,  these  places  should  be  of  the 
nature  of  plateaux,  not  of  peaks  ;  for  the  peaks  themselves  cause 
convectional  currents  which  are  disastrous  for  a  greater  or  less 
portion  of  the  twenty-four  hours,  and,  furthermore,  bend  and 
break  the  currents  that  pass  over  them. 

Several  such  high  plateaux  occur  in  the  great  American  desert, 
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notably  one  in  which  Flagstaff  is  placed,  one  near  Zacatecas, 
Mexico,  and  one  around  the  City  of  Mexico  itself.  These  all 
stand  7000  or  8000  feet  above  sea-level.  Plateaux  lying  far  north 
in  the  desert  belt  are  to  be  avoided,  and  similarly  those  lying  too 
far  south,  inasmuch  as  the  desert  belt  itself  shifts,  following  the 
Sun,  and  thus  only  the  heart  of  the  desert,  and  sometimes  not 
even  that,  stays  such  throughout  the  year. 

Lastly  a  desert  pure  and  simple  is  too  much  heated  by  day, 
producing  very  bad  convectional  currents  in  the  daytime,  lasting 
on  into  the  early  night.  To  secure  uniformity  of  condition  we 
must,  therefore,  have  a  large  oasis  in  the  midst  of  a  desert.  All 
these  conditions  are  fulfilled  by  the  high  pine-plateau  of  Northern 
Arizona,  in  which  Flagstaff  is  situated ;  but  here,  as  elsewhere, 
latitude  leaves  something  to  be  desired,  for  while  Flagstaff  has  a 
slight  rainy  season  in  summer  common  to  the  whole  tableland,  it 
lies  far  enough  north  to  border  the  edge  of  the  great  cyclonic 
movement  in  the  north  temperate  zone  in  winter.  Not  really  in 
the  movement,  it  is  sometimes  reached  by  the  outlying  branchesof 
it.  The  neighbourhood  of  the  City  of  Mexico  is,  on  the  other 
hand,  to  the  south  of  such  disturbance.  This  was  one  of  the 
reasons  for  moving  south  for  the  winter. 

Preliminary  observations  had  previously  been  made  there  by 
Mr.  Douglass  with  a  6-inch,  which  indicated  fairly  good  seeing. 
And  this  is  what  the  seeing  proved  to  be ;  but  in  addition  it 
turned  out  to  be  capricious.  Two  causes  combined  to  this  result — 
one  general,  the  other  local. 

The  general  adverse  condition  was  that  Tacubaya  lies  too  near 
the  southern  edge  of  the  desert  belt,  and  in  consequence  is  subject 
to  surf  ace- winds  more  or  less  northerly.  If  we  look  at  a  chart  of 
the  winds  of  the  world,  we  shall  see  that  while  the  prevailing 
winds  at  Flagstaff  are  northerly  in  winter,  they  are  southerly  in 
summer,  while  at  the  centre  of  Mexico  they  are  variable  the  year 
round.  These  charts  give  the  surf  ace- winds.  The  upper  currents 
are  progressing  from  the  south  northward  all  the  time  to  descend 
to  the  surface  in  the  temperate  zone.  Now  to  insure  steadiness  it 
would  seem  that  we  must  have  agreement  in  direction  between  the 
upper  and  the  under  currents.  And  this  proved  to  be  necessary 
experimentally.  On  the  whole  when  the  surface-wind  was  from 
the  south  we  had  good  seeing ;  when  from  the  north,  poor. 

But  there  was  another  reason  for  the  uncertainty  of  the  condi- 
tions in  the  valley  which  introduces  an  interesting  detail  into 
atmosphere  hunting :  the  local  topography.  Tacubaya,  the  village 
above  which  the  observatory  stood,  lies  on  the  western  slope  of  the 
valley,  about  two  hundred  feet  higher  than  the  City  of  Mexico, 
whose  cathedral  and  spires  it  overlooks.  On  all  sides  rises  a 
rampart  of  hills  from  one  tr-  three  thousand  feet  high,  towered 
over  to  the  south  by  the  snow-clad  Itlacihuatl  and  Popocatapetl. 
In  the  daytime  the  valley  gets  heated,  and  the  air  draws  in  to  the 
point  of  greatest  heating,  which,  when  other  particular  cause  is 
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absent,  turns  with  the  Sun.  During  the  day  the  result  is  a  wind 
from  the  south  or  south-west,  but  near  sunset  it  shifts  to  north- 
west, and  the  seeing  at  once  goes  off.  Nor  does  it  recover  till  late 
into  the  night.  This  is  when  it  is  good ;  if  it  be  bad,  we  hayea 
north  wind  continuously,  due  to  a  storm  in  the  temperate  regions, 
of  which  we  get  but  the  whisk  of  the  tail. 

At  Flagstaff,  on  the  other  hand,  the  local  conditions  are  of  the 
best.  The  long  plateau  stretches  off  to  the  southward,  falling 
gently  for  a  hundred  miles,  while  on  the  north  stand  the  San 
Francisco  peiiks  in  rampart  six  thousand  feet  aboye  the  observa- 
tory site.  When  the  air  moves  of  a  piece  aboye  and  below,  as  it 
does  when  the  surface-wind  comes  from  the  south  and  west,  we 
hfive  generally  good  definition.  When  the  surface-wind  comes 
from  over  the  peaks  we  have  poor  seeing. 

By  the  move  to  Mexico,  then,  I  think  that  we  have  added  to  the 
necessary  details  of  condition  this  further  one,  the  necessity  for 
agreement  in  direction  between  the  upper  and  the  under  atmo' 
spheric  currents;  and  agreement  in  direction  carries  with  it  as 
much  agreement  in  temperature  as  is  attainable. 

Lowell  Observatory,  PerCTVAL  LowelL. 

1897,  Sept. 
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IT.  Turning  next  to  the  question  of  the  best  optical  form  of 
instrument  (refracting  or  reflecting)  and  to  the  best  form 
(mechanical)  of  mounting,  we  find  several  other  points  worthy  of 
careful  consideration.  In  regard  to  the  question  of  refractor  or 
reflector,  I  am  of  the  opinion  that  the  former  type  of  instrument  is 
decidedly  superior  to  the  latter  for  general  photographic  research. 
In  addition  to  the  remarks  made  in  a  former  paper  (A.  N.  no.  3439 ; 
and  '  Knowledge,' Aug.  &  Sept.  1897)  on  this  point,  it  may  be 
added  that  with  such  a  large  ratio  of  focal  length  to  aperture  as  is 
here  advocated  for  the  planets,  the  chromatic  and  spherical  aberra- 
tions may  be  almost  perfectly  corrected  over  the  whole  range  of 
wave-lengths  to  which  the  photographic  plate  is  sensitive.  In 
regard  to  the  many  statements  that  have  lately  been  made  about 
the  relative  sizes  of  the  images  of  points  (stars,  for  examples)  as 
formed  by  the  reflector  and  refractor,  it  seems  proper  to  point 
out  in  this  connection  that  when  the  instruments  are  properly 
corrected  for  spherical  aberration  there  is  practically  very  little 
difference,  aperture  for  aperture,  between  the  two  types  of 
instrument,  when  used  either  visually  or  photographically,  pro- 
vided only  the  refractor  is  so  corrected  that  the  wave-lengths 
which  are  brought  to  minimum  focus  are  those  which  correspond 
to   maximum   sensitiveness   of  the   eye  and  photographic  plate 
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respectively.  For  these  wave-lengths  play  by  far  the  larger  part 
in  determining  the  character  of  what  may  be  called  the  "  effective 
diffraction  image"  of  a  poiut,  which  is  a  very  different  thing 
from  the  real  diffraction  image  formed  by  the  superposition  of 
the  individual  patterns  due  to  all  the  radiations,  of  wave-length 
ranging  (perhaps)  from  o  to  oo,  emanating  from  the  point  whose 
image  is  under  consideration.  The  rapid  falling-off  in  sensitiveness 
on  each  side  of  the  maximum  makes  those  wave-lengths  which  do 
not  come  to  the  minimum  focus  (of  the  retractor)  of  comparatively 
little  importance  so  far  as  their  effect  in  determining  the  distri- 
bution in  intensity  in  this  '*  effective  image  "  is  concerned.  Hence, 
as  said  before,  the  "  width  '*  and  character  of  this  image  is  very 
nearly  the  same  in  both  refractor  and  reflector.  This  point  will 
be  dealt  with  more  at  length  in  a  subsequent  paper,  in  which  I 
shall  speak  of  some  ai)plications  of  the  study  of  these  "  effective  " 
and  real  diffraction  images  in  the  measurement  of  stellar  diameters, 
stellar  magnitudes,  and  (given  a  sufficieiitly  sensitive  radiometer) 
of  stellar  temperatures. 

As  regards  the  form  of  mounting  best  adapted  to  the  purposes 

of  planetary  photography,  there  are  two  or  three  conditions  which 

must  be  carefully  fulfilled  if  we  are  to  realize  to  the  full  the 

advantages  of  the  intermittent  exposure  method  and  attain  the 

highest  possible  accuracy  of  "  following,"     In  the  first  place,  thb 

telescope  used  for  following  should  be  of  at  least  as  large  an 

aperture,    and   preferably   much   larger   than   the    photographic 

telescope.     The  two  objectives  ought  to  be  of  nearly  the  same 

focal  length  (to  eliminate  as  far  as  possible  the  ed'ecrs  of  flexure) 

and  mounted  rigidly  together  in  the  same  tube  (like  Prof.  Vogel's 

instrument  at  Potsdam),  and  the  mounting  (of  whatever  form  it 

may  be)  ought   to   be  unusually   stiff  and   massive.     The   slow 

motions  ought  all  to  be  of  the  most  sensitive  and  accurate  character 

and  actuated  by  separate  small  electric  motors  ;  and  in  the  opinion 

of  the  writer  the  clock  ought  also  to  be  electrically  controlled  and 

driven  (*  Astronomy  and  Astro-Physics,'  April  1894,  p.  265  ;  the 

'  Astrophysical  Journal,'  March  1895,  p.  169).     The  writer  would 

be  inclined  to  make  use  of  the  regular  form  of  equatorial  when 

there  is  one  already  at  hand  (like  the  40-inch)  suflBciently  firm  and 

massive   to   carry  a  photographic  telescope   of   9   to    10  inches 

aperture   and   60   to   70   feet  focal    length,   with  the  requisite 

steadiness.     But  if  an  instrument  were  to  be  built  especially  for 

the  purpose  there  is  no  doubt  that  some  form  of  coude  mounting 

would  be  far  preferable,  on  account  of  diminished  first  cost  and  also 

because  of  its  greater   steadiness.      The   only   objection  to  the 

latter  form  of  mounting  is  the  inconvenience  of  arranging  two 

telescopes  (photographic  and  guiding)  of  nearly  the  same  size  side 

by  side.     Of  the  various  forms  of  coude  mountings,  the  simplest 

and  best  for  this  purpose  is  the  polar  siderostat,  or  "  siderostatic 

telescope  "  of  Sir  Howard  Grubb  (Proc.  Eoy.  Soc.  Dublin,  vol.  ii. 

p.  362),  modified  to  send  the  light  down  the  polar  axis  instead  of 
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up,  an  arrangement  which  has  the  great  advantage  over  the  usual 
one  that  for  this  latitude  (about  45°)  the  mirror  is  nearly  vertical 
for  all  objects  of  small  declination.  (For  drawings  and  discussions 
of  this  form  of  mounting  see  previous  papers  in  '  Astrophysioal 
Journal/ vol.  iv.  pp.  241  and  272,  figs.  2,  3,  and  4,  and  vol.  y. 
p.  139,  fig.  6,  &c.)  For  the  purpose  of  planetary  photography 
with  an  aperture  of  10  inches  with  guiding  telescope  of  from  12 
to  15  inches,  a  flat  of  from  25  to  30  inches  diameter  would  be 
needed,  the  two  telescopes  being  arranged  side  by  side  in  the 
phine  containing  the  polar  and  declination  axes  so  as  to  best 
utilize  the  full  surface  of  the  mirror.  An  instrument  of  this 
design  would  be  exceedingly  stifE  and  rigid  in  spite  of  its  great 
focal  length,  and  could  be  very  accurately  controlled  by  the 
electrical  devices  ab-eady  referred  to.  It  might  be  remarked  in 
passing  that  if  questions  of  expense  had  to  be  considered  a  single 
lens  (of  this  small  angular  aperture)  would  be  practically  as  good 
for  the  guiding  telescope  as  the  far  more  expensive  achromatic. 
Indeed  such  a  lens  might  abnost  be  good  enough  for  the  photo- 
graphic objective  if  carefully  corrected  for  spherical  aberration. 

There  are  a  number  of  minor  points  connected  with  the  optical 
and  mechanical  design  of  instruments  for  planetary  photography, 
which  have  all  been  carefully  considered,  but  which  for  the  most 
part  it  is  unnecessary  to  enter  into  here.  One  thing  which 
deserves  the  most  careful  consideration  is  the  exposing-shutter 
which  has  to  be  used  in  the  intermittent  exposure  method.  This 
should  be  made  so  as  to  work  with  great  rapidity  and  yet  without 
the  slightest  jar,  to  operate  in  such  a  way  that  aU  parts  of  the 
planet's  disk  get  the  same  exposure,  to  open  and  close  successively 
any  number  of  times  without  any  intermediate  resetting,  and, 
finally,  should  be  provided  \iith  a  simple  device  whereby  the  total 
exposure  time  is  automatically  registered.  These  somewhat  diffi- 
cult conditions  would  seem  to  be  very  satisfactorily  met  by  a  light 
blackened  aluminium  disk  about  three  inches  in  diameter,  which  is 
pivoted  just  in  front  of  the  focal  plane,  and  which  has,  near  its 
outer  periphery,  a  series  of  equidistant  slots  with  radial  sides,  the 
distance  between  the  edges  of  rhe  slots  being  just  equal  to  the 
width  of  the  slots  themselves.  This  disk  turns  just  in  front  of  a 
fixed  diaphragm,  behind  which  is  the  plate  in  which  is  pierced  a 
circular  hole  just  a  little  less  in  diameter  than  the  mean  width  of 
the  slots  and  a  little  larger  than  the  image  of  the  planet  to  be 
photographed.  The  rotating  disk  has  a  spiral  spring  or  weight 
attached  to  its  axis,  and  is  provided  with  a  series  of  teeth  on  its 
outer  edge.  A  simple  escapement  device  allows  the  wheel  to 
rotate  a  distance  just  equal  to  the  width  of  the  slots  every  time  an 
electric  or  pneumatic  key  held  in  the  hand  of  the  observer  at  the 
guiding  telescope  is  pressed.  This  same  key  operates  the  starting 
and  stopping  button  of  a  stop-watch  (of  that  pattern  in  which  the 
hands  simply  start  and  stop  and  do  not  return  to  zero),  which  is 
pUced   at  some  convenient    position  near  the  observer.      The 
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exposing  disk  and  watch  are  of  course  so  adjusted  that  iu  the 
beginning  the  watch  stands  at  zero  when  the  opening  in  the 
diaphragm  is  closed.  All  that  the  observer  has  to  do  is  to  close 
the  key  a  number  of  times  in  succession  at  the  beginning  and  end 
of  the  intervals  of  good  seeing,  until  the  total  requisite  exposure- 
time,  as  indicated  by  the  face  of  the  stop-watch,  has  been  attained. 
Since  some  intervals  of  good  seeing  may  not  last  more  than  one- 
fourth  to  one-fifth  of  a  second,  the  disk  of  the  exposing-shutter 
should  be  so  light  and  the  spring  or  weight  which  actuates  it  so 
strong  that  the  actual  time  of  full  opening  or  closing  does  not 
occupy  more  than  -^^  second.  For  the  same  reason  the  stop- 
watch should  be  capable  of  registering  tenths  aud,  better,  twentieths 
of  a  second. 

The  principal  conclusions  which  have  been  reached  in  this  paper 
in  regard  to  planetary  photography  may  be  briefly  summarized  as 
follows ; — 

(i)  It  is  much  more  difficult  to  obtain  good  photographs  of  thf 
planets  than  it  is  {a)  of  the  uebulaB  or  comets,  or  {h)  of  the  surface 
of  the  Sun  and  Moon :  (a)  because  the  detail  is  finer,  (h)  because 
the  time  of  exposure  is  longer. 

(2)  To  avoid  the  effects  of  atmospheric  disturbances,  which  for 
a  given  aperture  are  considered  to  be  the  main  cause  of  the  in- 
feriority of  the  photograph  compared  with  what  is  observed 
visually,  it  is  proposed  to  use  a  method  of  intermittent  exposure 
instead  of  the  continuous  exposure  heretofore  employed. 

(3)  The  best  ratio  of  aperture  to  focal  length  (direct  or  equiva- 
lent) is  that  which  is  just  sufficient  to  attain  photographic 
resolution.  For  ordinary  plates  this  ratio  is  about  i  to  80 ;  for 
fine-grained  plates  it  is  greater  (about  i  to  40) ;  for  very  coarse- 
grained ones  less  (about  i  to  120). 

(4)  In  photographing  planets  we  need  a  certain  minimum  focal 
length,  actual  or  equivalent,  in  order  to  obtain  images  of  a  certain 
initial  size.  This  minimum  focal  length  should  not  be  less  than 
60  to  70  feet. 

(5)  It  is  better  to  use  a  long-focus  objective  and  photograph 
directly  in  the  focal  plane  than  it  is  to  obtain  the  desired  size  by 
use  of  an  enlarging-lens. 

(6)  The  conditions  specified  in  (3)  and  (4)  determine  the 
mirdmum  linear  aperture  which  should  be  used.  Under  the  con- 
ditions specified  in  (4)  this  should  not  be  less  than  nine  to  ten 

inches. 

(7)  The  maximum  linear  aperture  is  determined  principally  by 
the  degree  of  accuracy  which  we  can  attain  in  "  following."  At 
present  the  maximum  aperture  of  which  we  can  utilize  photo- 
graphically the  full  revsolving  power  is  certainly  not  greater  than 
ten  inches,  under  the  very  best  conditions,  and  not  greater 
than  six  inches  under  very  good  ones.  When  we  have  succeeded 
in  utilizing  the  full  resolving  and  delineating  powers  of  these 
apertures  it  will  be  time  enough  to  consider  how  to  overcome  the 
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greatly  increaseil  difficulties  due  both  to  atmosph^c  and 
mechanical  causes,  attendant  upon  the  employment  of  larger 
instruments. 

(8)  The  total  time  employed  in  making  an  exposure  should  not 
exceed  a  certain  maximum  limit,  which  depends  on  the  position  of 
the  planet  and  on  the  linear  aperture  employed.  For  a  lo-inch 
aperture,  and  at  the  time  of  nearest  approach  to  the  Earth,  the 
exposure  time  (beginning  to  end)  should  not  exceed  three  minutes 
and  forty  seconds  in  the  case  of  Mars,  two  minutes  in  the  case 
of  Saturn,  nor  45  seconds  in  the  case  of  Jupiter  if  full  photo- 
graphic resolution  is  to  be  realized.  This  condition  alone  pre- 
cludes the  use  of  such  great  enlargements  and  long  exposures  as 
have  been  employed  in  some  cases  in  the  past. 

(9)  Because  of  the  limited  range  of  wave-lengths  to  which  the 
photographic  plate  is  sensitive,  and  because  of  the  small  angular 
aperture  and  comparatively  small  linear  aperture  of  t^'f  instruments 
necessar}'  for  the  purpose  of  planetary  photogr  phy,  refracting 
telescoi)es  are  more  efficient  than  reflectors,  and  are  greatly  to  be 
preferred  to  the  latter  also  on  the  score  of  stability. 

(10)  In  order  to  utilize  to  the  full  the  advantages  of  intermittent 
exposure  method  and  reduce  the  difficulties  of  "  following''  to  a 
minimum,  we  must  employ  for  a  guiding  telescope  one  having  an 
aperture  at  least  equal  to  that  of  the  photographic  objective,  and 
preferably  much  larger.  The  photographic  and  the  guiding 
telescopes  should  be  rigidly  mounted  side  by  side  in  one  tube. 

(11)  The  regular  equatorial  mounting  can  be  used  when  one  of 
sufficient  size  and  stability  is  available,  but  the  polar  siderostat 
form,  arranged  to  send  the  light  down  the  axis,  is  considered 
best. 

(12)  The  driving  clock  should  be  electrically  controlled  and 
driven,  the  slow  motions  very  sensitive  and  accurate  and  actuated 
by  electric  motors,  &c.,  &c. 

(13)  A  special  exposing-shutter,  so  arranged  in  conjunction 
with  a  stop-watch  as  to  automatically  register  the  total  exposure 
time,  should  be  used. 

Conclusion, 

• 

With  reference  to  present  available  equipment  at  this  Observatory, 
these  conditions  would  be  best  fulfilled  by  attaching  to  one  side  of 
the  cell,  for  the  40-inch  objective,  a  photographic  objective  of  about 
nine  inches  aperture  and  of  about  the  same  focal  length  as  the 
former,  t.  e,  about  62  feet.  This  would  give  very  nearly  the  right 
ratio  of  aperture  to  focal  length  (i  to  80)  for  fast  Seed  plates,  and 
would  give  images  of  Mars  at  time  of  nearest  approach  to  the 
Earth  a  little  less  than  o*i  inch  in  diameter,  and  of  Jupiter  and 
Saturn  (ring  system)  about  \  inch  in  diameter.  These  diameters 
are  a  little  less  than  those  which  have  been  mentioned  as  a  minimum 
limit.  Of  course  an  enlarging-lens  could  be  used  to  give  a  larger 
image,  in  which  case  also  a  larger  size  objective  could  be  used, 
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while  preserving  the  same  ratio  of  focal  length  to  aperture ;  but 
I  do  not  believe  this  would  be  advisable.  If,  as  in  this  case,  we 
are  limited  to  a  certain  focal  distance  (between  objective  and 
photographic  plate)  by  mechanical  or  other  considerations,  I  believe 
it  is  better  to  use  a  photographic  objective  just  large  enough  to 
give  photographic  resolution  at  that  distance  than  it  is  to  use  a 
larger  one  and  increase  the  equivalent  focal  length  by  use  of 
an  enlarging-lens.  In  other  words,  I  believe  better  results  will 
be  obtained  by  using  a  9-inch  photographic  objective  attached  to 
the  40-inch,  which  would  be  used  as  a  guiding  telescope,  than 
would  be  obtained  with  the  reverse  arrangement,  L  e,  with  the 
40-inch  as  a  photographic  objective  (granting  a  third  correcting- 
lens  for  this  purpose  should  be  provided)  and  the  9-inch  as  a 
guiding-telescope.  For  if  in  the  second  case  we  should  photograph 
the  direct  image  without  enlargement,  the  limiting  photographic 
resolution  would  be  no  greater  than  when  we  used  the  9-inch 
(granting  that  the  value  of  e  is,  in  each  case,  o'oi  mm.,  as  before 
assumed).  The  larger  aperture  would  give  increased  brightness 
it  is  true,  but  the  greater  effect  of  atmospheric  disturbances  on  the 
instrument  of  large  aperture  would  make  the  intervals  of  good 
seeing  shorter  and  less  frequent  than  with  the  small  aperture. 
It  might  therefore  easily  happen  that,  on  the  intermittent  exposure 
plan  of  working,  the  actual  time  required  to  obtain  a  full  exposure 
would  be  greater  in  the  case  of  the  instrument  of  larger  angular 
aperture. 

Considering  the  difficulties  of  the  problem  of  planetary  photo- 
graphy, and  considering,  too,  how  often  certain  conditions  that 
must  be  fulfilled  to  insure  a  full  measure  of  success  have  been 
violated  in  the  past  (particularly  (3),  (5),  (8),  and  (10)),  it  is  not 
surprising,  perhaps,  that  better  results  have  not  been  heretofore  ob- 
tained in  this  field  of  work.  Whether  the  general  plan  of  working 
proposed  in  this  paper  will  lead  to  better  results  or  not  is  a  question 
for  future  experiments  io  more  conclusively  demonstrate  or  dis- 
prove. Whether  we  ultimately  succeed  in  photographically  at- 
taining the  full  resolving  power  of  our  instruments  or  not,  we  will 
at  least  always  have  the  satisfaction  of  knowing  that  the  photo- 
graphic plate  will  never  record  details  that  it  is  beyond  the  power 
of  our  instruments  to  separate,  which  unfortunately  is  more  than 
can  be  said  of  some  recently  published  drawings  of  the  planets. 

Yerkee  Observatory,  F.  L.  O.  Wadswobth. 

July  1897. 

[^Note  added  August  28. — Since  this  paper  was  written  my  atten- 
tion has  been  called  to  the  fact  that  the  essential  feature  of  the 
proposed  method  of  procedure  in  the  case  of  solar  photography 
described  on  page  338  was  suggest-ed  some  time  ago  by  Lohse 
(*  Beobachtungen  aut  der  Stemwarte  zu  Bothkamp,'  Heft  i. 
part  2:  "Ueber  photographische  Aufnahmen  der  Sonne,*'  p.  78). 
The  method  then  was  only  suggested,  but  it  has  doubtless  since 
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been  actually  used.  In  this  connection  it  is,  perhaps,  proper  to 
point  out  that  the  full  value  of  this  method  of  worWng  will  only 
be  realized  when  the  aperture  of  the  instrument  used  in  noting  the 
moments  of  good  definition  is  at  least  as  large  as  (and  preferably 
larger  than  that  of)  the  photographic  objective.  When  the  former 
is  smaller  it  would  be  more  difficult  to  determine  the  most  favour- 
able moments  for  exposing,  because  the  definition  in  general  would 
be  much  better  in  the  observing  telescope  than  in  the  (larger) 
photographic  instrument.] 


Is  the  Spectrum  of  y8  LyviB  of  Magnetic  Origin  ? 

Thebe  seems  at  least  a  possibility  of  getting  an  answer  to  this 
question  by  the  simple  expedient  of  examining  the  dispersed  rays 
of  the  star  with  a  Nicol  prism.  A  few  words  will  suffice  to  make 
clear  the  motives  for  instituting  the  trial. 

Astroph'  sicists  generally,  and  especially  those  whose  curiosity 
had  been  tormented  by  the  puzzle  presented  to  them  in  Xova 
Aurigae,  must  have  felt  a  thrill  of  excitement  at  the  announce- 
ment, last  December,  of  Dr.  Zeeman's  discovery  regarding  the 
modiHcations,  through  magnetic  influence,  of  spectral  lines. 
Essentially,  it  amounts  to  this : — Kays  of  monochromatic  hght 
from  a  source  placed  in  a  powerful  magnetic  field  are  brightened, 
broadened,  and  broken  up  into  groups.  In  other  words,  they 
present  just  such  appearances  as  were  much  more  conspicuously 
visible  in  the  spectrum  of  the  "  temporary"  of  1892.  Can  they, 
in  both  cases,  be  attributed  to  the  same  cause  ?     We  shall  see. 

The  results  obtained  by  Dr.  Zeeman  *  had  been  anticipated  on 
abstract  grounds  by  Professor  Lorentz.  His  theory,  moreover, 
required  that  the  magnetically- widened  lines  should  be  circularly 
polarized  in  opposite  senses  on  their  opposite  edges,  and  the  re- 
quirement was  perfectly  complied  with.  This  consilience  of  fact 
with  pioneering  thought  is  one  of  the  most  curious  felicities  of 
verification  on  lecord.  The  multiplication  of  lines  proved  more 
difficult  to  observe,  and  demanded  a  more  intense  field  than  their 
mere  distension.  Dr.  Zeeman,  however,  succeeded  in  splitting  the 
blue  line  of  cadmium  by  turns  into  a  doublet  and  a  triplet, 
according  as  the  light  was  transmitted  along  or  across  the  lines  of 
force.  This,  too,  was  in  precise  accordance  with  theory,  no  less 
than  the  attendant  effects  of  polarization,  which,  as  displayed 
in  the  triplet,  were  of  peculiar  interest.  The  components  being 
polarized  in  rectangular  planes,  the  rotation  of  a  Nicol  in  front  of 
the  grating  sufficed  alternately  to  quench  the  middle  line  and  its 
satellites,  apparent  singleness  resulting  from  a  position  of  the 
analyzing  prism  with  its  plane  of  polarization  vertical,  while 
duplicity  ensued  upon  rotation  through  ninety  degrees. 

Cosmical  applications  of  this  new  and  beautiful  criterion  seem 

*  'Philosophical  Magazine/ March,  July,  September,  1897. 
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full  of  promise,  and  temporary  stars  especially  invite  its  use  to 
determine  possibly  the  nature  of  their  outbursts.  The  pity  is  that 
it  has  become  available  too  late  for  Nova  Aurigse,  by  recent 
accounts  sunk  to  very  near  extinction.  An  analogous  object  is, 
however,  always  at  hand  in  fi  LyrsB,  the  stable  light-fluctuations  of 
which  are  accompanied  by  spectral  changes  not  unlikely  to  declare 
themselves  as  "  Zee  man  phenomena."  To  decide  the  point,  the 
first  preliminary  would  be  to  examine  with  a  Nicol  the  broad  bright 
lines  seen  double  about  the  epochs  of  secondary  minimum  and 
maximum.  Typical  instances  are  E  and  Dg.  If  magnetically 
affected,  their  opposite  borders  should  alternately  vanish  as  the 
prism  is  made  to  perform  a  quarter  of  a  revolution.  It  must  be 
added  that,  in  the  case  of  circular  polarization,  the  interposition 
of  a  mica-plate  of  suitable  thickness  would  be  indispensable  to 
the  success  of  the  experiment.  Considering  the  wide  range  of 
its  implications,  it  appears  to  be  well  worth  trying. 

A.  M.  Clbekb. 


The  Rate  Adjustment  of  Pendulum  Clocks, 

Having  had  on  numerous  occasions  in  past  years  to  set  up  or 
adjust  clocks  to  time,  in  ignorance  of  the  rate  or  of  the  change  of 
rate  that  would  be  produced  by  one  turn  of  the  pendulum  nut,  I 
arranged  a  plan  to  facilitate  the  operation  of  timing,  by  which,  as 
soon  as  a  rate  had  been  found,  the  necessary  correction  to  length, 
in  parts  of  an  inch,  could  be  at  once  known.  There  is  in  the 
method  nothing  new ;  it  consists  simply  in  an  endeavour  to  put 
known  relations  into  a  more  convenient  shape  for  practical  use. 

When  we  are  confronted  with  a  pendulum  of  unknown  length, 
although  unaware  of  the  length  of  simple  pendulum  to  which  it 
corresponds,  we  can  easily  count  the  number  of  single  vibrations 
that  it  makes  in  a  given  time,  say  one  minute,  which  involves  the 
length,  and,  coupled  with  a  knowledge  of  the  pitch  of  the  pendulum 
screw,  affords  all  the  information  required. 

Mot  any  pendulum  of  length  Z,  and  time  of  vibration  ?, 

cZZ  =  2I ,  — . 
t 

The  length  of  the  mean  solar  seconds  pendulum  being  taken 
=  39*14  inches,  put  for  I  its  equivalent, r^ ,  in  which  v  is 

the  number  of  single  vibrations  made  by  I  in  one  minute.  Adopting 
for  the  unit  of  time  ^,  one  day  expressed  in  seconds,  dt  will  repre- 
sent the  daily  rate.  Finally,  considering  the  change  of  length 
produced  by  turning  the  pendulum  nut  to  be  equivalent  to  the 
hange  of  length  of  the  corresponding  simple  pendulum, 

dl=z  I  *^®  alteration  of  length  (parts  of!  _  the  daily  rate  in  seconds         .  , 
"~  I      an  inch)  for  a  given  daily  rate  J  ^  ^  3*202. 
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For  rate  expressed  in  minutes,  substitute  for  3*262  the  &ctor 

1957. 
Thus  counting  for  any  pendulum  the  number  of  single  vibrations 

made  in  one  minute,  the  correction  to  the  length  corresponding  to 
a  given  rate  is  readily  found.  Or  also,  for  any  definite  alteration 
ot  length  the  corresponding  change  of  rate,  either  in  seconds  or 
minutes.  For  clocks  not  showing  seconds  on  the  dial,  the  vibra- 
tions of  the  pendulum  may  be  counted  by  use  of  a  watch  having  a 
seconds  hand. 

fcJo  far  the  general  case.  But  when  the  vibrations  are  counted, 
there  remains  the  inconvenience  of  a  further  little  numerical 
operation.  For  my  own  use  I  therefore  prepared  a  table  such  as 
is  given  in  an  extended  form  in  Table  II.,  which  I  employed  with 
advantage  for  many  years,  since,  in  default  of  any  knowledge  of 
the  simple  pendulum  length,  it  became  necessary  only  to  count  the 
numlter  of  sinyi.  vibrations  made  by  any  pendulum  in  one  minute  to 
}>e  able  at  o,,ct  to  ascertain  the  correction  to  length  for  any  given  rate. 
But  on  the  present  occasion  I  have  thought  that  it  might  be  useful 
to  precede  that  table  by  one  applying  more  particularly  to  clocks 
that  beat  seconds,  or  some  multiple  or  aliquot  part  thereof,  which 
being  shown  on  the  dial,  in  the  case  of  a  turrets-clock  on  an  internal 
dial,  allows  the  rate  to  be  reckoned  in  seconds.  The  values  of 
Table  II.  were  easily  made  available  for  seconds  clocks  by  dividing 
them  by  60,  but  something  yet  more  ready  for  such  clocks  seemed 
not  undesirable.  Such  information  is  given  in  Table  I.,  values 
for  a  three-seconds  pendulum  being  included  therein,  since  the 
*  Horological  Journal,'  vol.  ix.  page  44,  contains  a  description  of  a 
turret-clock,  erected  at  New  York,  said  to  have  such  a  pendulum. 
Indeed  turret-clocks  having  pendulums  vibrating  in  four  seconds 
are  said  to  have  been  also  made. 


Table  I. 

— For  Clocks  possessing  < 

a  Seconds  Hand. 

§  » 

»f  vibration 
conds. 

Daily  rate  in  seconds. 
10         20         30         40         50         60 

of  simple 
alum,  in 

8. 

Single 
made 
minu 

a.s 

•PH 

Corresponding  correction  to  length,  in 
parts  of  an  inch. 

Length 
pend 
inche 

20 

3 

0*082 

0*163 

;o'245 

0*326 

0*408 

0*489 

352*26 

30 

2 

0*036 

0*072 

0*109 

0*145 

o-i8i 

0*217 

156*56 

60 

I 

0*009 

0*0 1 8 

0*027 

0*036 

0*045 

0*054 

39H 

120 

i 

0*002 

0*005 

0*007 

0*009 

0*01 1 

0*014 

9*78 

240 

i 

O'OOI 

0*001 

0*002 

0'002 

0*003 

0*003 

2*45 
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The  corrections  to  length  given  in  the  table  apply  to  the  mean 
solar  pendulum,  but  are  practically  applicable  also  to  clocks  regu- 
lated to  sidereal  time.  The  amount  of  alteration  required  to 
correct  a  given  rate,  or  conversely  for  a  given  alteration  the 
corresponding  change  of  rate,  is  at  once  seen.  The  change  of 
rate  due  to  one  turn  of  the  pendulum  nut  may  also  be  found  *. 
Thus  if  the  thread  of  the  screw  be  such  that  one  turn  of  the  nut 
changes  the  length  by  0*027  iuch,  this  will  be  seen  to  correspond 
in  a  seconds  pendulum  to  a  change  of  30  seconds  in  daily  rate,  to 
a  quarter  of  this  amount  in  a  two-seconds  pendulum,  and  to  four 
times  the  amount  in  a  half-seconds  pendulum.  Eor  pendulums 
longer  than  a  seconds  pendulum,  such  as  are  found  in  turret- 
clocks,  the  screw  would,  however,  be  a  much  coarser  one,  having 
a  thread  two  or  three  times  as  wide  as  that  mentioned. 

Many  turret-clocks  have  no  internal  seconds  dial  for  rating 
purposes,  in  some  cases  the  pendulum-beat  is  fractional.  For  these, 
and  also  smaller  clocks,  showing  only  minutes,  the  rate  can  be 
known  only  in  minutes  or  parts  of  a  minute  by  estimation  from  the 
minute  hand.  For  sueh  clocks  Table  II.  (p.  414)  gives  for  different 
pendulums  the  correction  to  length  corresponding  to  one  minute 
of  daily  rate.  Employing,  as  before  mentioned,  a  watch  to  count 
the  number  of  single  vibrations  made  by  any  unknown  pendulum 
in  one  minute — the  only  requirement — the  correction  to  length  for 
a  given  rate  can  be  readily  proportioned  from  the  correction  due 
to  one  minute  of  daily  rate,  furnished  by  the  Table. 

The  correction  to  the  length  can  be  taken,  for  practical  pur- 
poses, as  in  each  case  proportional  to  the  rate.  Thus,  if  a  clock 
having  a  pendulum  beating  100  times  in  a  minute  is  found  to  lose 
5  minutes  daily,  the  pendulum  requires  to  be  shortened  by  0*098 
inch.  Or,  if  for  the  same  pendulum  one  thread  of  the  screw 
=  0*015  inch,  one  turn  of  the  pendulum  nut  should  change  the 
daily  rate  by  |  of  a  minute.  For  pendulums  shorter  than  a  seconds 
pendulum  the  correction  to  length  for  values  of  "vibrations  in  one 
minute  "  not  contained  in  the  table  may  be  taken,  without  sensible 
error,  as  proportional  thereto.  In  many  small  clocks  the  pen- 
dulum bob  is  fixed  to  the  rod,  the  adjustment  for  rate  being  made 
by  action  on  the  pendulum  spring. 

When  about  to  bring  a  clock  to  time  it  is  not  necessary  to 
rate  it  at  first  for  any  long  period.  A  very  good  idea  of  the  rate 
may  be  usually  formed  after  the  clock  has  been  going  a  few  hours, 
when  an  approximate  correction  may  be  made,  leaving  the  adjust- 
ment to  be  completed  after  further  trial.  For  the  final  adjustment 
it  may  be  well  to  note  the  rate  for  several  successive  days,  say  for 
a  \^eek,  and  make  correction  for  the  average  rate,  especially  in  the 
case  of  a  turret-clock  showing  only  minutes.     When  clocks  having 

*  The  length  of  one  thread  of  a  pendulum  screw  may  be  conveniently  found 
by  mejisuring  with  a  pair  of  compasses  the  length  of  several  threads  and 
dividing  accordingly,  or  a  rubbing  of  a  small  portion  of  the  screw-stalk  may  be 
taken  and  measured. 
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Table  II. — For  Clocks  having  no  Seconds  Hand. 


1 

1 

1              Single 

vibrations  made 
1      in  one  mlAute. 

Correction  to  length 

in  parts  of  an  inch 
for  daily  rate  of 

Length  of  simple 
pendulum  in  inches. 

one  minute. 

20 

0-4893 

35»-3 

30 

0-2I74 

156*6      • 

40 

0-1223 
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48 
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6d 
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65 

0*0463 

33*4 

70 

00399 
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75 

0*0348 
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80 
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85 
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90 

0*0242 
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0*0162 
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©•0136 

9*8 
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0*0 1  CO 

7*a 
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0*0076 

5*5 
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4*3 

200 

0*0049 

3*5 

240 

0*0034 

2*4 

large  and  heavy  pendulums,  such  as  turret-clocks,  have  been  once 
brought  to  a  close  rate,  it  is  convenient  not  further  to  disturb  the 
pendulum,  but  rather  to  add  to  or  remove  from  the  bob,  as  may 
be  necessary,  small  subsidiary  weights.  In  some  clocks  of  inferior 
manufacture  it  may  happen  that  the  pendulum  nut  does  not  turn 
truly  square  to  the  stalk,  so  that  a  small  alteration  of  the  nut  may 
not  always  be  found  to  produce  the  due  change  of  rate. 

Clock-movements  are  used  not  only  for  purposes  of  timekeeping, 
but  frequently  also  as  a  motive  power.  In  all  cases,  however,  in 
which  such  movements  are  regulated  by  an  ordinary  pendulum, 
the  information  here  given  mlay  prove  to  be  of  some  service. 

W.  Ellis. 


CORKESPONDENCE. 

To  the  Editors  of  '  The  Observatory.^ 

Copernicus  and  the  Phases  of  Mercury  and  Venus. 

Gentlemen, — 

It  is  extraordinary  how  often  it  has  been  stated  in  astro- 
nomical books  that  it  was  urged  against  Copernicus  that  if  his 
theory  were  true,  the  inferior  planets  ought  to  exhibit  phases 
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similar  to  those  of  the  Moon ;  and  that  lie  replied  that  if  they 
were  seen  more  distinctly  this  would  probably  be  found  to  be  the 
ease.  De  Morgan  pointed  out  ('  Monthly  Notices  of  the  E.A.S./ 
vii.  290)  that  there  was  no  real  evidence  for  this  anecdote,  the 
earliest  mention  of  which  that  he  could  find  being  in  KeilFs 
'Lectures'  (2nd  edition,  1730,  p.  163).  Nevertheless  it  has 
frequently  been  repeated  since,  amongsc  others  by  Mr.  Chambers 
in  his  widely-read  '  Handbook  of  Astronomy  '  (4th  edition,  vol.  i. 
p.  105,  note),  who  remarks  :  "  se  non  ^  vero,  e  [molto]  ben 
trovato."  This  expression  of  Bruno,  which  has  passed  into  a 
proverb,  is  surely  not  applicable  here  ;  for  a  \ery  little  considera- 
tion will  show  that  the  inferior  planets,  if  opaque  bodies  receiving 
their  light  from  the  Sun,  would  exhibit  phases  according  to  either 
the  Ptolemaic  or  Copernican  theory.  This  was  pointed  out  by 
Eutherforth  in  his  'System  of  Natural  Philosophy,'  which  was 
published  at  Cambridge  in  1748,  where  he  remarks  (vol.  ii.  p.  782) : 
"  it  is  very  strange  that  a  defender  of  Ptolemy's  system  should 
make  such  an  objection  as  this  is  to  Copernicus's  system,  and  not 
less  strange  that  Copernicus  should  make  this  answer."  It  does 
not  seem  to  have  occurred  to  Eutherforth  how  apocr  phal  the 
story  was,  which  he  probably  obtained  either  from  Keill's 
'  Lectures,'  or  from  Eobert  Smith's  well-known  *  Compleat  System 
of  Opticks,'  1738,  vol.  ii.  p.  415.  It  is  evident  that,  according  to 
any  theory  of  their  motions,  the  planets  must  exhibit  phases  unless 
the  Earth  were  not  only  the  centre  of  their  motions,  but  also 
their  source  of  light,  or  unless  the  planets  were  either  self- 
luminous  or  saturated  by  the  solar  light,  which  is  what  Copernicus 
(as  is  pointed  out  by  De  Morgan)  probably  believed.  The  phases 
would  not,  indeed,  according  to  the  Ptolemaic  theory  be  the  same, 
or  have  the  same  succession  as  they  actually  have ;  but  of  course 
Copernicus  knew  nothing  of  these,  and  the  anecdote  is  that  he 
spoke  with  regard  to  the  planets  exliibiting  any  phases  at  all. 

Without  mentioning  the  supposed  answer  of  Copernicus  to  an 
hypothetical  objector,  no  less  distinguished  a  writer  than  the 
present  President  of  the  E.  A.  S.  seems  to  have  fallen  into  the 
same  misconception.  At  p.  141  of  Sir  Eobert  Ball's  '  Story  of  the 
Heavens,'  we  read :  "  It  is  curious  to  speculate  on  what  might 
have  been  the  history  of  astronomy  had  Venus  only  been  as  large 
as  Jupiter.  Were  every  one  able  to  see  the  crescent  form 
without  a  telescope,  it  would  then  have  been  an  elementary  and 
almost  obvious  truth  that  Venus  must  be  a  dark  body  revolving 
round  the  Sun."  A  dark  or  opaque  body  certainly ;  but  her 
crescent  form  would  not  prove  that  she  revolved  round  the  Sun, 
only  that  she  derived  her  light  from  him,  and  she  would  from 
time  to  time  assume  that  form,  if  both  revolved  round  the  Earth 
in  different  periods,  according  to  the  Ptolemaic  hypothesis. 

Tours  faithfully, 

Blackheath,  1897,  August  18.  W.  T.  Ltnn. 
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On  a  Point  in  Reflexion  Observations. 

Gentlemen, — 

1  regret  to  say  that  I  appear  in  one  respect  to  have  fallen 
into  some  error  in  my  Reminiscences,  No.  II.,  *  Observatory '  for 
October  last,  page  385.  Oral  tradition  is  uncertain,  and  I  have 
either  misunderstood  what  was  told  to  me  many  years  ago,  or 
given  a  mental  twist  thereto  that  has  led  to  my  stating  apparently 
just  the  opposite  to  what  I  should  have  said.  In  speaking  of  the 
tilt  of  the  string  of  images  in  the  telescope,  in  the  observation  of 
a  star  by  reflection,  consequent  on  the  mercury  trough  being  set 
askew,  1  said  that  I  believed  it  to  have  been  in  Pond's  time  a 
tradition  that  as  good,  if  not  a  better,  bisection  could  under  such 
circumstances  be  made.  I  have  since  found  some  remarks  by 
Pond  bearini^  on  this  point.  They  are  contained  in  a  paper  "  On 
the  Latitude  of  the  Royal  Observatory  of  Greenwich,"  read  before 
the  Royal  Astronomical  Society  on  November  ti,  1825,  and  ran 
as  follows : — "  The  vibrations  of  the  mercury  in  a  longitudinal 
trough  form  an  elongated  image  of  the  star  in  the  direction  of  the 
wire  ;  it  appears  like  a  succession  of  stars,  which  become  smaller 
and  smaller  as  they  recede  from  the  central  undefined  mass;  and 
these  stars  are  threaded  like  beads  on  the  wire  in  a  manner 
extremely  favourable  to  exact  bisection.  The  observer  can  im- 
mediately perceive  if  the  trough  be  not  placed  as  it  ought  to  be, 
exactly  parallel  to  the  plane  of  the  instrument,  as  in  this  case  the 
line  of  small  stars  is  formed  transversely  on  the  wire,  and  he  must 
content  himself  with  bisecting  the  central  mass  of  light,  which  is 
much  less  favourable  to  exactness."  I  can  only  say,  in  explanation 
of  the  mistake,  that  I  seem  to  have  become  mystitied  from  the 
circumstatice  that,  having  myself  seen,  with  the  old  mural  circle, 
the  effect  of  a  slight  tilt  of  the  mercury  trough,  it  appeared,  I 
remember,  to  me  that  the  observation  was  not  thereby  rendered 
more  difficult,  although  I  had  no  great  experience  of  the  matter, 
since  one  did  not  by  choice  place  the  trough  askew.  In  spite  of 
the  statement  of  Pond,  it  may  still  be  that  some  difference  of 
opinion  existed  on  the  point  in  question,  hut  as  to  this  I  cannot 
say.  In  the  present  Greenwich  transit-circle  no  tilt  of  the  kind 
can  occur,  since  the  trough  is,  in  the  direction  of  the  meridian,  a 
fixture.  Tours  faithfully, 

Blackheath,  1897,  Oct.  14.  WlLLIAM  Ellis. 

Star-Correction  Tables, 

Gentlemen, — 

A  copy  of  Prof.  Turner's  modified  form  of  Mr.  Stone's 
Tables  for  facilitating  the  computation  of  star-constants  has  just 
reached  the  Cape.  I  have  examined  it  with  much  interest,  as  this 
is  a  subject  to  which  I  have  given  a  considerable  amount  of 
attention.  Like  Prof.  Turner,  I  have  had  a  large  experience  of 
the  time  required  for  the  computation  of  star-corrections,  and  it 
has  long  been  my  earnest  endeavour  to  shorten  it  in  some  way. 
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Mr.  Stone's  Tables  were  a  great  advance  in  this  direction,  and 
their  utility  has  been  universally  recognized ;  but  still  one  always 
felt  that  too  much  time  was  spent  on  this  item  of  meridian 
reductions. 

Prof.  Turner's  modified  form  of  these  Tables  will  save  some 
•work,  but  not  very  much.  The  number  of  operations  remains  the 
same,  though  the  number  of  figures  to  be  dealt  with  is  considerably 
reduced.  The  accuracy  secured  is  ample  for  ordinary  meridian  work, 
but  might  be  insufficient  for  refined  researches.  In  Prof.  Turner's 
example  on  page  xi  there  is  an  instance  of  the  accumulation  of 
errors,  due  to  contraction  of  figures  all  in  one  direction :  the 
second  of  the  two  small  Moon  terms  in  E.A.  is  wrong  by  o'-o8 
from  this  cause.  Of  course  o''i  does  not  much  matter  in  tJae  case 
of  a  very  close  polar-star,  but  still  why  allow  this  uncertainty 
when  it  can  be  easily  avoided?  For  comparison  with  Prof. 
Turner's  example  I  will  ask  you  to  insert  the  following  reduction 
by  my  Tables  (which  will  shortly  be  in  the  hands  of  astro- 
nomers) : — 

1897  Dec.  I,  \  XJrssB  Mmoris. .  a=  +88°  58'  S4'''3' 
The  star  will  pass  the  meridian  at  Greenwich  at  about  3**  M.T.» 
and  for  this  time  we  take  the  auxiliary  quantities  from  the 
Independent  Day-Numbers  published  by  the  Cape  Observatory. 
The  computation  of  the  star-corrections  is  as  follows  (for  notation 
&c.  cf.  Appendix  to  the  Cape  Meridian  Observations,  1890- 
1891):— 
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If  —  o**7i  be  applied  tx)  the  B«A.  rednctioB  for  terms  of  th^ 
second  order,  and  —  o**o5  for  proper  motion,  the  N.A.  pbce  for 
the  star  will  be  almost  exactly  reproduced.  The  disoordaiioQ 
between  Prof.  Turner's  result  and  mine  in  E.A.  is  chiefly  due  to 
an  insufficient  number  of  figures  being  used  in  his  last  two  terms. 

Prof.  Turner's  statement,  on  page  viii  of  his  Introduction,  as  to 
the  effect  of  using  Apparent  places  in  the  computation  of  tk^ 
star-corrections  instead  of  Mean  places,  is  erroneous  as  regards 
£.A.  There  is  a  mistake  of  sign  in  the  last  term  of  his  formula 
at  the  top  of  the  page,  and  the  result  should  read : 

Aa'o  sec  (d  -h  A?)  =  ^%  sec  ^  -f  2/i  Aa^^A  5^  sec*  5, 

so  that  the  £.A.  is  over-corrected  in  the  same  way  as  the  De- 
clination.   If  the  mean  of  the  Apparent  and  Mean  places  were 
used,  there  would  be  practically  no  need  of  further  correction. 
Boyal  Obeervatory,  Yours  faithfuUy, 

C«ipe  of  Good  Hope,  W.  H.  Fllf  LAY. 

1897,  Aug.  9. 

[I  am  glad  Mr.  Finlay  considers  that  the  accuracy  secured  bj 
the  Tables  is  "  ample  for  ordinary  meridian  work,"  for  this  is  all 
that  is  necessary.  By  "  more  refined  researches  "  I  suppose  he 
does  not  mean  differential  work,  for  which  quite  different  tables 
would  be  suitable,  but  work  on  absolute  positions  with  instruments 
such  as  the  zenith-tube  or  almueaotar.  With  such  instruments 
the  probable  error  of  an  observation  may  be  reduced  to  one-half  or 
even  to  one-third  of  that  for  the  transit-circle,  but  scarcely 
further;  and  the  accuracy  of  the  tables  would  still  be  quite 
sufficient. 

As  regards  the  accumulation  of  errors  in  the  correction  for 
X  Ursse  Minoris  amounting  to  o'*o8,  this  quantity  is  equivalent  to 
o''oo2  on  the  equator ;  and  since  the  probalble  error  of  a  meridian 
observation  is  greater  than  o'*o2  for  all  observers,  it  is  mere  waste 
of  time  to  correct  it  by  quantities  less  than  one-tenth  of  its 
probable  error  when  these  are  accidental  and  not  systematic.  Now 
terms  depending  on  the  Moon's  longitude  may  clearly  be  regarded 
as  accidental  errors.  The  phases  of  the  Moon  change  often 
enough  during  the  year  to  make  them  so.  Personally  I  think  the 
application  of  these  terms  a  useless  refinement  altogether ;  it  has 
certainly  no  sensible  effect  on  star-catalogues,  the  ultimate  outcome 
of  meridian  observations,  and  might  just  as  well  be  omitted,  as  it 
was  in  time  past.  On  the  other  hand,  the  quantity  E  given  in  the 
N.A.,  which  changes  slowly,  is  rightly  retained,  though  the 
coefficient  of  the  largest  term  (  — o''-045i  sin  8)  is  only  half  that 
of  the  largest  longitude  term  (-|-o"-o895  cos  2  J). 

I  do  not  like  to  say  more  of  what  is  practically  only  a  repetition 
of  the  Introduction  to  the  Tables,  where  I  have  tried  to  make  it 
clear  that  we  have  been  using  too  many  figures  in  computations. 
But  this  habit  is  of  long  standing,  and  if  there  are  good  reasons 
for  breaking  it,  perhaps  a  single  statement  is  not  sufficient: 
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perhaps  the  peasons  fihould  be  urged  again  and  again  with  an 
iteration  comparable  with  the  number  of  roots  which  the  habit  has 
struck, 

Mr.  Einlay  is  clearly  reluctant  to  part  with  the  long  strings  of 
figures  ;  he  likes  to  compute  the  corrections  to  o*'ooi  (equatorial), 
though  the  probable  error  of  an  observation  is  30  times  this 
amount  at  least.  I  think  it  is  not  only  wasteful  (I  will  concede 
him,  if  he  likes,  that  the  waste  is  not  large)  but  unworkmanlike. 
It  shows  a  mistrust  of  our  tools  to  insist  on  using  a  tine  one  when 
we  know  that  a  coarser  one  is  "  amply  sufficient.*' 

To  pass  to  Mr.  Finlay's  Tables,  I  sincerely  congratulate  him  on 
having  published  them.  If  the  saving  of  labour  is  what  it  seems 
from  the  example  given,  they  should  be  very  useful  indeed ;  and 
though  this  is  the  first  opportunity  I  have  had  of  expressing  this 
appreciation  publicly,  I  have  years  ago  said  so  to  him.  He 
described  these  Tables  in  M.  N.,  vol.  I,  p.  497  (June  1890),  and 
some  time  afterwards  1  wrote  to  him  hoping  that  he  would  publish 
them  ;  but  I  received  no  reply,  probably  because  he  could  not  give 
any  definite  information  about  the  publication.  I  have  not  yet 
seen  a  copy  of  the  tables,  but  I  look  forward  to  seeing  them  with 
great  interest.  It  may  very  well  be  that  they  are  an  advance  on 
Mr.  Stone's  tables — which  (as  is  distinctly  stated  on  the  title- 
page)  I  have  merely  reprinted  in  more  commodious  form. 

I  am  very  much  obliged  to  Mr.  Finlay  for  calling  attention  to 
an  error  in  sign,  and  very  sorry  for  its  occurrence.  Three  pairs  of 
eyes  looked  over  the  proofs,  but  apparently  the  error  escaped  them 
all.^-H.  H.  TuBNBB.] 

Tattle's  Comets. 

G-ENTLBMBN, — 

When  two  or  more  literary  or  scientific  men  bearing  the 
same  name  acquire  reputation  in  the  same  branch,  there  is  often 
some  difficulty  in  distinguishing  between  the  respective  works  of 
each.  About  forty  years  ago  two  gentlemen  of  the  name  of  Tuttle 
made  observations  at  the  Harvard  College  Observatory.  Of  these 
we  first  hear  of  Charles  W.  Tuttle,  who  discovered  the  first  comet 
of  1853  on  March  8,  but  was  anticipated  by  Secchi,  who  saw  it  on 
March  6.  The  discoveries  of  Comets  I.  and  VII.  1858  are  an- 
nounced in  Ast.Nach.  vol.  xlvii.  col.  335  and  xlviii.  col.  287  respec- 
tively as  having  been  made  by  Tuttle.  That  of  the  former  (after- 
wards found  to  have  been  previously  discovered  by  Mechain  in 
1790,  and  to  have  a  period  of  13*7  years)  is  also  recorded  in  the 
*  Astronomical  Journal,'  vol.  v.  p.  loi,  by  which  we  know  that  the 
discoverer  was  H.  P.  (Horace  Parnell)  Tuttle ;  but  it  remains 
uncertain  whether  that  of  the  latter  was  due  to  him  or  to  C.  W. 
Tuttle.  Elements  of  the  orbit  of  the  third  comet  of  i860  were 
published  by  H.  P.  Tuttle  in  Ast.  Nach.  vol.  liv.  col.  5  ;  but  this  is 
erroneously  ascribed  to  C.  W.  Tuttle  in  the  *  Eoyal  Society  List  of 
Scientific  Papers.*    (**The  Owner  of  the  Note-Book"  speaks  of 
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the  great  value  of  this  list,  which  would  be  much  greater  if  it 
were  more  nearly  up  to  date.)  The  discovery  of  Comet  III.  1861 
i^  announced  in  the  '  Comptes  Bendus,' vol.  liv.  p.  (265),  under  the 
name  "Tuttle"  only.  The  last  communication,  so  fur  as  I  am 
aware,  from  either  of  these  astronomers  is  one  containing 
elements  of  the  third  comet  of  1862  (now  known  to  move  in  the 
same  orbit  with  the  Perseid  meteors),  which  was  published  by 
H.  P.  Tuttle  in  Ast.  Nach.  vol  Iviii.  col.  223. 

Yours  &ithf ully, 

Blacklieath,  1897.  Sept  15.  W.  T.  LlOT. 

Jupiter^ s  Satellites  invisible,  i??^* 

Gentlemen, — 

It  seems  somewhat  strange  that  there  is  no  record  of 
Jupiter  being  observed  apparently  without  satellites  from  1681  to 
1802,  while  there  are  three  or  four  since  the  latter  date. 

On  turning  to  the  'Nautical  Almanac'  for  177 1  1  find  the 
configuration  of  Jupiter's  satellites,  at  6**  on  the  evening  of 
November  2nd  of  that  year,  consists  of  a  white  circle  for  the  ist, 
and  dark  balls  for  2,  3,  and  4,  indicating  an  apparent  entire 
disappearance,  the  explanation  given  on  p.  159  being:  "The 
cypher  signifies  that  the  satellite  is  invisible  on  the  Face  of 
Jupiter ;  and  the  black  mark  signifies  that  it  is  invisible,  being 
eclipsed  in  Jupiter's  shadow,  or  behind  Jupiter  and  eclipsed  by  his 
body."  It  would  be  interesting  if  some  observation  could  be 
found.  Yours  faithfully, 

Melplaah  Vicarage,  S.  J.  JomrsOIT. 

Bridport,  1897,  Sept  13. 


OBSERVATORIES. 

Madkas. — The  first  item  that  one  looks  for  in  Prof.  Michie- 
Sraith's  Annual  Reports  nowadays  is  the  record  of  the  progress  of 
the  new  observatory  at  Kodaikamal.  We  regret  to  see  from  the 
report  we  have  recently  received,  which  covers  the  period  of  twelve 
months  ending  1897,  March  31,  that  actual  work  on  the  building 
had  not  been  begun  by  that  date,  although  the  greater  part 'of  the 
plans  had  been  sanctioned  and  the  money  provided.  Prof.  Michie- 
ISmith  thinks  that  there  is  reason  for  hoping  that  the  work  will  be 
begun  soon,  but  is  prepared  for  disappointment.  Meanwhile  the 
instruments  for  Kodaikamal  are  being  collected  at  Madras. 

The  astronomical  work  at  Madras  during  the  twelve  months  has 
been  first  the  necessary  observations  for  time-determination.  The 
observatory  actuates  a  time-signal  gun  and  a  semaphore,  and 
distributes  a  signal  over  all  India  and  Burma  at  4  p.m.  The 
telegraph-lines  in  future  for  these  purposes  are  to  be  in  charge  of 
the  Telegraph  Department.  We  wonder  why  India  does  not  join 
iu  with  the  Universal  Time  System,  and  adopt  a  Standard  Time 
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depending  on  the  G-reenwich  meridian,  as  most  of  the  British 
colonies  have  done. 

During  the  year  the  latitude  of  the  Madras  Observatory  has 
been  determined  by  Capt.  Burrard,  of  the  Great  Trigouome^- 
trical  Survey,  with  a  zenith  telescope  and  with  a  zenith  sector. 
Prof.  Micbie-Smith  also  made  a  series  of  observations  with 
the  latter  instrument  which  are  not  yet  completed,  but  the  result 
already  deduced  is  13°  4'  8''*or  j:o"*o8. 

The  preparation  of  the  Madras  Catalogue  has  been  continued, 
and  it  is  anticipated  that  this  will  be  pubhshed  by  the  end  of  the 
current  year. 

The  meteorological  observations  have  been  continued  as  before, 
and  the  reductions  kept  up  to  date. 


The  following  brief  reports  of  the  work  done  in  Continental 
Observatories  during  the  year  1896  have  been  extracted,  as  in 
former  years,  from  the  '  Vierteljahrschrift  der  Astronomische 
G^sellschaft  * : — 

Bambebg. — Heliometer  measures  have  been  made  of  the  dia- 
meters of  the  Sun,  Venus,  Jupiter,  and  the  distance  of  Mosting  A 
from  the  Moon's  limb.  Comet  Perrine  was  observed  on  six  nights. 
589  observations  of  variable  stars  were  made  on  5 1  nights.  The 
first  contact  of  the  Moon  with  the  Sun's  disk  was  observed  on 
1896  Aug.  8,  but  clouds  prevented  any  further  observations.  An 
attempt  was  made  to  obtain  trails  of  the  Perseid  Meteors  on  a 
photographic  plate,  but  without  any  result. 

Bale. — Meteorological  observations.  The  astronomical  instru- 
ments were  only  used  for  demonstration  purposes  in  connection 
with  the  University. 

Beblin". — With  the  transit-circle  Dr.  Battermann  made  931  ob- 
servations of  transits,  595  of  declination,  279  of  level,  136  of 
azimuth,  and  8  of  collimation.  The  observation  of  Eiimker's  stars 
was  finished.  A  screen  on  the  objeci-glass  was  used  for  deter- 
mination of  personality  in  observing  bright  and  faint  stars. 
Progress  is  beiug  made  with  the  catalogue  for  1895;  the  mean 
error  of  a  single  observation  is  found  to  be  io"'3i.  A  large 
.number  of  occultations  have  been  observed  ;  about  300  dis- 
.appearances  and  200  reappearances  in  2:J  years.  With  the  9-inch 
refractor  Prof.  Knorre  made  352  determinations  of  distance,  and 
400  of  position-angle  of  double-stars  with  a  double -image  micro- 
meter. The  stars  chosen  were  from  those  which  appear  to  show 
no  relative  motion.  Prof.  Goldstein  has  been  engaged  on  a  work 
on  kathode  rays  with  a  view  to  their  furnishing  an  explanation  of 
"  kosmischer  Lichterscheinungen."  Photographic  observations  of 
latitude  have  been  made  with  the  zenith  telescope,  195  deter- 
minations of  latitude  and  85  of  scale  value  being  obtained.  The 
tiine-service  has  been  carried  on  satisfactorily. 
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BsBLnr.  Die  Astronomische  RecJUninttUut. — To  the  OBual  work 
for  the  preparation  of  the  *  Jahrbuch '  was  added  a  considerable 
amount  of  new  computations,  in  view  of  the  changes  to  be  intro- 
duced in  the  Ephemerides  for  1901.  Preparatory  work  for  the 
formation  of  Ephemerides  of  the  Major  planets  from  Hill  and 
Newcomb's  tables  has  been  carried  out.  Preparations  for  the 
introduction  of  the  new  fundamental  catalogue  of  Dr.  Auwereb 
have  also  been  made.  As  usual  a  good  deal  of  attention  has  been 
bestowed  on  small  planets.  The  ephemerides  of  62  of  these  have 
been  computed  for  the  times  of  opposition.  Dr.  Ginjsel  has  made 
extensive  investigations  into  the  conditions  of  the  eclipses  which 
occurred  between  900  B.o.  and  600  a.d.,  visible  betwe^i  10°  W. 
and  60°  E.  long.,  and  latitudes  25^  and  50^.  For  485  central  and 
partial  solar  eclipses  the  magnitude  of  the  phase  and  the  hour- 
angle  are  given  for  Bome,  Athens,  Memphis,  and  Babylon. 
Similar  data  are  given  for  1627  eclipses  of  tbe  Moon  during  this 
period.  He  also  discusses  81  eclipses  mentioned  by  Boman, 
Greek,  Byzantine,  and  Prankish  writers  and  chroniclers  of  the 
Middle  Ages,  the  19  ecb'pses  of  the  Moon  mentioned  in  Ptolem/s 
'  Almagest,'  and  a  number  of  eclipses  referred  to  in  Assyrian  and 
Babylonian  records.  The  object  of  the  work  is  twofold,  as  it 
bears  on  certain  historical  questions  and  also  on  the  Moon's 
motion. 

BoiiK. — With  the  6-inch  Eepsold transit-circle  4829  observations 
of  stars  have  been  made  towards  a  Catalogue  for  the  year  1900. 
For  variation  of  personal  equation  with  magnitude  experiments 
have  been  made  with  screens  on  the  object-glass.  Prof.  Deich- 
miiller  is  proceeding  with  a  comparison  of  tbe  Bonn  Zone  Observa- 
tions with  those  of  earlier  catalogues.  He  has  also  been  engaged 
on  a  new  method  of  determining  zenith -points,  which  is  described 
in  Ast.  Kach.  3394.  The  4-inch  Ertel  Transit-instrument  has 
been  used  in  the  Prime-vertical  for  determination  of  latitude. 

[To  be  eontinuMl.] 


PUBLICATIONS. 

£eo£>t  aitd  Comino  Eclipses*. — ^In  his  recently  published 
book  with  this  title  Sir  !Norman  Lockjer  tells  us  that  he  has  had 
experience  of  six  solar  eclipses ;  this,  apart  from  his  well-known 
skill  as  an  author,  might  be  considered  sufficient  to  constitute  him 
tbe  fittest  person  to  write  a  book  on  the  subject,  and  the  present,  in 
view  of  the  approaching  Indian  eclipse  of  1898,  is  obviously  a  fitting 
time  for  its  production.  The  work,  a  great  part  of  which  we 
believe  has  appeared  already  in  *•  Nature,'  is,  as  may  be  judged 
from  its  title,  a  history  of  the  eclipse  of  1896  and  an  account  of 

*  '  Heoent  and  Coming  Edipses/  by  Sir  Norman  Lockyer,  K.O.B.,  F.BJ!l. 
London :  Macmillan  and  Co.,  1897.    m. 
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the  plans  and  prospects  for  that  of  January  1898,  and  this 
necessarily  involves  some  description  of  spectroscopic  methods  and 
Tesults.  After  a  short  introduction  on  the  geometry  of  eclipses, 
the  second  chapter  gives  instructions  as  to  the  work  that  may 
be  done  by  observers  without  any  elaborate  equipment^  which  is 
followed  by  chapters  of  a  more  advanced  kind,  with  a  description 
of  Sir  Norman  Lockyer's  particular  instrument,  the  prismatic 
camera,  thus  putting  the  reader  in  possession  of  the  latest  facts 
relating  to  spectroscopic  observation.  Then  follows  the  history  of 
the  eclipse  of  1896,  so  far,  that  is,  as  the  author's  expedition  to  Nor- 
way was  concerned,  and  so  far  as  Prof.  Lockyer  was  concerned  with 
the  successful  Nova  Zemlya  expedition ;  but  it  may  be  noted  that 
the  expeditions  to  Japan  are  not  mentioned  in  the  book,  nor  is  the 
name  of  the  late  Mr.  Stone.  However,  the  chapters  describing 
the  expedition  to  Kio  Island  are  especially  interesting  to  read, 
and  valuable  in  showing  how  it  is  possible  to  convert  a  ship's  crew 
such  as  that  of  H.M.S.  '  Volage '  into  a  huge  band  of  astronomical 
observers,  which,  as  Prof.  Lockytir  said,  in  a  stately  interchange  of 
compliments  with  Capt.  King  Hall,  was  no  mean  result  of  the 
expedition.  Sir  Norman  Lockyer  then  goes  on  to  speak  of 
Mr.  Sbackleton's  successful  results  at  Nova  Zemlya ;  he  thinks  that 
the  spectrum  of  the  flash  so  happily  secured,  as  well  as  the  photo- 
graphs of  1893,  support  his  view  as  to  the  non-existence  of  the 
*' reversing  layer,"  and  that  both  photographs  show  simply  the 
spectrum  of  the  chromosphere.  Also  considering  the  photographs 
of  spectra  obtained  in  the  eclipses  of  1893  and  1896  with  respect  to 
his  recent  investigations  of  the  enhancement  of  lines  on  the  spectra 
of  "  hot"  stars,  the  author  deduces  that  the  chromosphere  is  a  region 
of  high  temperature  in  which  there  is  a  corresponding  simplification 
of  spectrum  as  compared  with  the  cooler  region  in  which  the  Fraun- 
hofer  system  is  produced.  The  difference  of  the  shape  of  the 
corona  as  observed  at  difEerent  epochs  of  the  sun-spot  period  is 
touched  on,  but  coronal  photography  is  not  treated  in  such  detail 
as  spectroscopy.  A  chapter  on  the  weather  prospects  and  the 
locahty  of  the  line  of  totality,  with  plans  of  w(»:k  for  next  January, 
closes  a  very  opportune  and  instructive  book. 

Mjbmo&taiiS  oe  thb  Bokj>  Family. — In  these  days,  when 
America  contributes  so  much  to  Astronomy,  it  is  hard  to  reahze 
that  the  science  was  scarcely  followed  at  all  on  the  other  side  of 
the  Atlantic  at  the  beginning  of  this  century,  and  that  the  Harvard 
College  Observatory,  now  the  most  flourishing  of  institutions, 
is  barely  sixty  years  old.  From  Prof.  Holden's  most  recent  work  * 
the  reader  may  learn  of  the  beginning  and  early  growth  of  American 
astronomy,  and  how  far  the  Bonds,  father  and  son,  were  associated 
with  this. 

*  *  Memorials  of  William  Oranch  Bond,  and  of  his  Son,  Gh6org»  Fhillipe 
Bond/  by  Edward  S.  Holdeii.  Murdock  and  Co.,  San  Franeisoo ;  Lenx)ke  and 
Bueohniuf,  N«w  York,  1897. 
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The  subjects  of  this  book  chiim  descent  from  an  old  Ooniisli 
family,  the  Bonds  of  Brendon,  who  have  an  undoubted  ancestral 
record  dating  from  Norman  times.  William  Bond,  fa^r  of 
William  Cranch  Bond,  emigrated  to  America  in  1786,  and  origin- 
ated a  shipping  business;  but  this  not  being  successful,  he 
established  a  firm  of  watch  and  clock  makers,  which  still  flourishes 
under  the  original  name.  His  son,  William  Cranch  Bond,  after- 
wards the  first  director  of  the  Harvard  College  Observatory,  was 
brought  op  to  this  business,  and  at  an  earlj  age  proved  himself  a 
capable  workman.  He  devoted  his  leisure  to  astronomy,  and  his 
first  success  appears  to  have  been  the  discovery  of  the  comet  of 
181 1  a  few  weeks  after  its  discovery  in  Europe.  He  must  have 
gained  considerable  public  reputation  as  an  astronomer,  for  when, 
in  1 815,  a  committee  of  oflicials  of  Harvard  University  was  ap- 
pointed to  consider  the  establishment  of  an  observatory,  W.  C. 
Bond,  then  twenty-six  years  of  age,  who  was  going  to  Europe, 
was  entrusted  with  the  mission  of  enquiring  into  the  construction 
and  methods  of  European  observatories.  His  account  of  the 
mission  is  printed  in  vol.  i.  of  the  Harvard  Annals. 

But  though  a  Harvard  College  Observatory  was  talked  of  in 
1 81 5,  its  establishment  was  not  accomphshed  as  an  actual  fact 
until  many  years  later.  Prof.  Loomis  is  responsible  for  the 
statement  that  the  return  of  Halley's  Comet  in  1835-6  caused  a 
wave  of  astronomical  enthusiasm  to  pass  over  the  continent  which 
led  to  the  establishment  of  several  American  observatories.  In 
1838  William  Cranch  Bond  was  appointed  Astronomical  Observer 
to  Harvard  University,  a  position  v&luable  only  in  name,  for  the 
office  had  no  salary  attached  to  it  until  1846,  the  only  emoln- 
ment  being  the  use  of  the  Dana  House  as  residence,  and  besides 
the  acceptance  of  the  post  necessitated  Mr.  Bond's  separation  from 
his  business. 

The  new  observatory — ^the  Harvard  College  Observatory  of 
to-day — begun  in  1843,  was  practically  finished  in  1847,  *wid  the 
great  equatorial  was  set  up  by  July  24  of  that  year.  The  work  of 
the  Bonds  with  that  instrument  is  described  in  the  book ;  it  may  be 
sufficient  to  merely  mention  here  their  observations  of  the  nebul» 
of  Orion  and  Andromeda,  the  observation  of  Saturn,  the  discovery 
of  the  crape  ring  and  of  Hyperion,  the  measures  of  the  satellited 
of  Neptune,  and  the  observations  of  the  comet  of  1858;  but 
possibly  the  most  valuable  contributions  of  W.  C.  Bond  to  astro-, 
nomy  are,  first,  the  invention  of  the  chronograph,  the  credit  for 
which  has  been  given  elsewhere,  but  there  seems  no  doubt  but  l^at 
the  Bond  family  were  the  first  to  construct  an  actual  instrument 
of  this  kind  and  to  apply  it  to  astronomical  work ;  and,  secondly, 
the  inception  of  the  methods  of  astronomical  photography. 

William  Bond  died  in  1859.  and  his  third  son,  Goorge  Phillips 
Bond,  succeeded  him  as  Director  of  the  Observatory.  Williain 
Bond  8  eldest  son  had  died  young,  and  the  two  others  continued 
the  chronometer  business.      The  emoluments  of  the  Diiectoc 
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although  to  them  was  added  the  salary  of  the  Phillips  Professor 
of  Astronomy,  were  still  inadequate  for  th^  post,  and  we  have  it 
on  the  word  of  his  daughter,  that  the  life  of  G-eorge  Bond  was  one 
of  some  privation.  The  section  of  the  book  devoted  to  him  is  made 
interesting  to  us  by  extracts  from  his  diaries  during  visits  to 
Europe  in  185 1  and  1863;  it  will  be  noticed  that  the  earlier  date 
is  the  year  of  the  Q-reat  Exhibition,  where  the  Bond  chronograph 
was  exhibited  and  received  a  Council  award.  We  should  have 
liked,  if  space  allowed,  to  quote  from  these  diaries,  which  form 
the  record  of  extended  visits  to  the  observatories  of  Europe,  as 
they  furnish  vivid  pictures  of  men  now  known  to  us  only  by  name 
and  of  scenes  and  functions  at  which  the  younger  Bond  was 
present.  Writing  of  the  Greenwich  Visitation  Dinner,  he  says : — 
"I  noticed  that  the  most  distinguished  scientific  men  are  bad 
hesitating  speakers,  except,  perhaps,  Sir  John  Herschel.  Doctor 
Lloyd,  Mr.  Airy,  Mr.  Adams,  &c.  are  instances."  We  give  this 
merely  as  illustrative  of  about  60  pages  of  the  book,  which  will 
afPord  any  astronomer  interesting  reading. 

There  is  little  for  us  to  add  as  to  the  work  of  George  Bond ; 
besides  the  direction  of  the  Observatory,  he  worked  much  at 
cometary  physics  and  at  the  theory  of  astronomical  photography. 
This  is  all  recorded  in  a  chapter  of  Prof.  Holden's  book  in  which 
his  correspondence  with  other  astronomers  is  collected.  We 
refrain  from  saying  anything  as  to  the  literary  style  of  the  book, 
for  this  is  quite  secondary  in  a  work  of  this  kind,  which  is  mainly 
a  collection  of  memoranda,  diaries,  and  letters ;  but  Prof.  Holden 
is  to  be  congratulated  on  the  compilation  of  an  interesting  book 
which  should  find  a  place  in  every  astronomical  library. 


TJntebsuchtingbn  tBER  DIB  Gbosse    und    Heliigkbit    deb 

KOMETBW^  UND  IHEBB  SOHWBIFB.      Von  Dr.  JoHANN  HOLBTSOHEK. 

(Tienna,  1896.) — We  have  recently  seen  the  first  volume  of  thi 
work,  which  deals  with  comets  up  to  the  year  1760.  The  author 
has  collected  all  estimates  of  the  magnitude  or  brightness  of 
comets,  and  reduced  them  to  r=i,  A=i,  and  hence  has  been  able 
to  classify  them  in  regard  to  their  intrinsic  brightness.  It  is 
scarcely  necessary  to  remark  that  there  is  much  uncertainty  and 
personality  in  such  observations,  especially  in  pre-telescopic  days. 
Thus  Tycho  Brahe  considered  that  the  fixed  stars  had  real 
diameters,  and  he  appears  to  have  classified  comets  by  the 
apparent  diameter  of  the  nucleus  rather  than  by  its  brightness. 
Observations  of  the  day  on  which  a  comet  becomes  invisible  to  the 
naked  eye  are  valuable,  as  there  is  considerably  less  uncertainty 
in  determining  this  than  in  making  an  estimate  of  the  stellar 
magnitude  of  a  nebulous  object.  There  is  a  discussion  of  the 
allowance  to  be  made  for  atmospheric  absorption,  and  of  the  law 
according  to  which  the  brightness  changes  with  varying .  distance 
from  the  Sun, 
.  Then  follows  a  detailed  discussion  .of  the  intrinsic  brightness 
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and  true  diameter  of  coma  and  length  o£  tail  of  all  the  comets  on 
record  up  to  the  year  1760  for  which  orbits  hare  been  compnted. 

The  case  of  the  different  apparitions  of  Halley's  Ck>met  is 
considered  in  special  detail,  and  tbe  resolts  show  a  very  satii- 
factory  agreement,  the  reduced  magnitude  of  the  comet  at  most 
apparitious  being  about  4**0. 

This  is  certainly  a  very  useful  work  of  reference,  and  the  author 
has  done  his  best  to  treat  with  scientific  method  a  subject  thit 
does  not  readily  lend  itself  to  accurate  discussion.      A.  C.  D.  C. 


NOTES. 

Comet  Notis. — A  bright  telescopic  comet,  with  a  nucleus  and 
short  tail,  was  discovered  by  Mr.  Perrine  at  the  Lick  Observatory 
on  Oct.  16.  From  its  high  north  decimation  it  is  well  placed  for 
observation  throughout  tbe  night,  and  numerous  observations  have 
been  obtained  at  Greenwich  and  elsewhere. 

The  following  elements  have  been  deduced  by  Profs.  Kreuts  and 
Moller  from  observations  made  on  Oct  16,  18,  20  ^^- 

T  «  1897  Dec.  7-80  Berlin  M.T, 
- 65°     4'| 

ft 31    S«  [  1897*0. 

i    69    27  J 

log? 0-1344 


The  following  ephemeris(for  Berlin  midnight)  has  been  deduced 
from  these  elements : — 


Nov. 


BJL 

N.Deo. 

B.A. 

N.Dec. 

h   m   1 

0   i 

h  m  ■ 

0   < 

I. 

...  21  26  4 

80  52 

N0V.12 

18  48  40 

7014 

2. 

....  20  55  44 

80  10 

14. «.. 

18  40  0 

68  17 

3 

20  30  21 

79  20 

16.... 

18  33  24 

66  27 

4. 

...  20   925 

78  24 

18 

18  28  12 

6442 

5« 

...  19  52  8 

77  25 

20. . . . 

18  24  0 

63  3 

6. 

....  19  37  51 

76  24 

22.. . . 

18  20  40 

61  34 

8 

. ...  19  16  20 

74  18 

26.. . . 

18  15  44 

5845 

10. 

. ...  19  0  36 

72  15 

30. . . . 

18  12  24 

5621 

The  brightness  on  Nov.  i  is  I'l  times  that  at  discovery,  and  on 
Nov.  30  07  times  that  at  discovery. 

J.  Bauschinger  gives,  in  A.  N.  3453,  the  following  ephemeris  of 
Brooks'  Comet  1896  YI.  and  1889  V.,  which  will  probably  be  again 
visible  with  poweiful  instruments  during  the  coming  winter : — 


B.A 

N.Deo. 

B.A 

N.  Dsc, 

h  m  ■ 

0   f 

h  m  8 

0  t 

Dec.  17.... 

8  32  54 

26  59 

Jan.  10. .  • . 

8  14  24 

28  17 

25 . • • • 

8  27  40 

27  26 

lo .... 

8  7  7 

28  36 

Jan.  2 . . . . 

8  21  23 

^7  S^ 

26. . .. 

7  59  S7 

28  51 
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Ast.  Naeb.  5447  contains  a  search  ephemeris  for  the  approaching 
return  of  Winnecke's  Comet,  by  0.  KQdebrand. 

Tbis  comet  approached  Jupiter  within  a  distance  of  0*5  in 
December  1894,  and  then  suffered  large  perturbations,  which  have 
been  investigated.  The  approaching  return  is  an  unfavourable 
one,  and  the  comet  is  not  likely  to  be  visible  before  the  middle  of 
December.  It  is  brightest  at  the  end  of  February  next,  and 
passes  perihelion  about  March  20. 

Ephemeris  for  Berlin  Midnight. 


B.A.         N.  Dec. 
h     m      8       A       J 

Nov.    3 ^^33  17  8  59 

7. ...   12  42    8  8  13 

II. . . .   12  51  12  7  27 

IS 13    D  30  6  39 


BJl.  N.  Dec. 

h    m     B  o       ^ 

Nov.  19 13  10    3  5  51 

23.---   13  19  53  52 

27 13  30     o  4  12 

Dec.     I.....   13  40  26  3  21 

A.  C.  D.  C. 


The  Detebmikation  op  Stab-placbs  by  Photogbapht. — An- 
other method  for  adapting  the  photographic  plate  to  the  transit- 
circle  is  before  us.  This  is  by  Mr.  Lippmann,  the  re-inventor  of 
the  coelostat,  who  describes  a  scheme  for  this  in  the  '  Bulletin 
Astronomique '  for  October.  He  does  not  call  his  appara':us  a 
Photographic  Transit-circle,  but  in  its  maih  principles  it  is  not 
unlike  the  instrument  of  this  name  now  be'ng  made  by  Prof. 
Turner,  and  referred  to  by  him  in  the  M.  N.  K.  A.  S.  for  March 
last.  The  essential  features  of  both  plans  are  that  the  plate  and 
the  stars  shall  be  relatively  at  rest,  but  that  both  shall  move 
relatively  to  a  line  or  spot  which  defines  the  meridian.  In  both 
cases  the  photographic  telescope  is  fixed.  ^  i  the  Oxford  instru- 
ment the  stars  are  reflected  into  this  by  a  plane  mirror  rotating 
on  an  axis  transverse  to  the  meridian,  which  practically  cor- 
responds to  the  axis  of  a  visual  transit-circle,  and  the  plate  in 
t^e  telescope  is  made  to  follow  the  stars  as  they  move,  M.  Lipp- 
mann reflects  the  star-images  into  the  photographic  telescope  by 
means  of  a  coelostat,  and  they  are  by  this  means  at  rest  relatively 
to  the  plate.  Prof.  Turner  makes  fiducial  marks  on  the  plate 
by  a  spot  of  light  which,  controlled  by  tb'3  standard  cloc^i,  shines 
every  second.  M.  Lippmann  photographs  on  his  plate,  also  at 
4efinite  inotants,  an  image  of  a  diaphragm  which  is  made  to  repre- 
sent tlie  meridian,  aud  a  short  Hue  at  right  angles  to  this.  Thus, 
when  M.  Lippmann  has  developed  his  plate  he  finds,  besides  the 
stars,  a  reticule,  the  Hues  of  which  represent  hour-circles  and  circles 
of  declination. 

Definitely,  but  briefly,  M.  Lippmann's  apparatus  consists  of: 
(i)  a  coelostat ;  (2)  a  fixed  photographic  telescope  with  fixed  plate, 
adjusted  to  work  with  the  coeJostat ;  (3)  a  collimator  at  right 
angles  to  the  meridian,  carrying  a  diapbra^,  with  means  of 
lighting  it,  in  the  place  of  the  eyepiece,  ana  a  totally  refiectin^g 
prism  at  some  distaooe  in  front  of  the  ol^'ect-glaas.    The  colli- 
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mator  telescope  is  placed  so  that  the  prism  is  above  the  coelostat, 
and  the  image  of  the  diaphragm  (lines  cut  on  silvered  glass)  is 
reflected  by  the  prism  on  to  the  coelostat  mirror,  and  thence  into 
the  photographic  telescope.  The  collimator,  M.  Lipproann  says, 
is  the  only  part  of  the  apparatus  which  requires  adjustment,  for 
this  has  to  be  placed  so  that  the  diaphragm  line  corresponds  to 
the  meridian,  and  its  errors  have  to  be  determined  by  methods 
analogous  to  those  adopted  for  the  ordinary  visual  transit-circle. 

The  above  description  may  suffice  to  give  an  idea  of  the 
apparatus ;  copious  details  will  be  found  in  the  original  memoir. 
But  ingeniously  devised  though  it  may  be,  we  cannot  follow  the 
author  when  he  claims  for  its  use,  as  he  does,  a  superiority  over 
the  methods  being  u^ed  for  the  formation  of  the  Ast^ographic 
Catalogue.  He  impeaches  this  latter  work  because  it  has  to 
depend  on  a  catalogue  of  fundamental  stars  made  by  visual 
observation,  which  is  therefore  affected  by  personal  error,  and, 
secondly,  because  the  construction  of  the  catalogue  will  take  twelve 
or  fifteen  years.  But  M.  Lippmann  will  no  doubt  see  that  any 
catalop:ue,  photographic  or  otherwise,  must  depend  on  a  funda- 
int'ntal  catalogue  of  clock-stars ;  and  beginning  afresh  with  his 
photographic  instrument  to  make  a  clock-star  Hst,  his  catalogue 
proper  would  scarcely  be  begun  within  the  limit  of  time  he  has  set 
down  for  the  astrographic  worL  Ik  is  not  impossible,  and  not  a 
very  immense  work,  to  correct  the  places  of  the  fundamental  stars 
by  the  photographic  plates  themselves,  and  so  eliminate  per^ 
sonality.  In  M.  Lippmann's  scheme  the  plates  will  have  to  be 
measured  and  corrections  applied  to  these  measures  to  find 
equatorial  coordinates,  just  as  in  the  work  now  going  on  similar 
processes  give  rectangular  coordinates,  but  we  are  of  opinion  that 
in  the  latter  case  the  application  of  corrections  can  be  done  more 
rapidly,  and  hence  we  fail  to  see  where  would  be  the  saving  of 
time  in  the  proposed  method,  whilst  the  complication  of  M.  Lipp- 
mann's  telescopic  arrangements,  which  involve,  besides  the 
standard  clock,  a  clock  to  drive  the  coelostat,  the  accurate  going  of 
which  appears  to  be  essential,  seems  to  be  likely  to  increase  the 
time  spent  in  taking  the  photographs.  H.  P.  H. 

OccuLTATiON  OP  Cebes. — Col.  G.  L.  Tupman  kindly  informs  us 
that  there  will  be  an  occultation  of  the  planet  Ceres  by  the 
Moon  on  Nov.  13.  The  following  prediction  is  computed  by 
him  for  Greenwich: — 

G.  M.  T.  P.  ft. 

h       m  o  o 

Disappearance   ....     10     36  54  97 

Reappearance    ....     11     30  315  357 


Ceres  will  rise  at  7 


^  rtin 


BSSIGNA.TION  OF  THE   DiBEGTOB  OP  THE   LlOE  ObSEBVATOBT. — 

After  a  continuous  connection  with  the  Lick  Observatory  for  23 
years,  and  a  service  at  Mount  Hamilton  since  1888,  Prof.  E.  S. 
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Holden  bas  terminated  his  official  relations  with  the  Observatory. 
The  resignation  is  to  take  effect  on  December  31,  1897.  Prof- 
Holden's  address  after  October  i  will  be  "  Smithsonian  Institution, 
Washington,  D.C.,  U.S.A." 

We  have  seen  announced  the  establishment  of  a  new  observatory 
at  Valkenburg,  Holland,  attached  to  the  Jesuit  College  of  that  city. 
The  equipment  consists  mainly  of  an  equatorial  of  nine  inches 
aperture,  constructed  by  Mr.  Saegmuller,  and  the  optical  part  by 
Mr.  Clacey.  This  instrument  and  its  accessories  have  been  designed 
chiefly  with  the  idea  of  observing  variable  stars,  which  is  the 
branch  to  which  the  first  Director,  Eev.  J.  Hagem,  S.J.,  has 
hitherto  devoed  himself. 

The  opening  boom  of  the  Yerkes  Observatory  has  been  heard  in 
England.  On  October  20  most  of  the  newspapers  published 
a  telegram  from  across  the  Atlantic,  reporting  that  Prof.  Bar- 
nard had  observed  the  Moon  with  the  40-inch,  and  had  said  that 
he  saw  an  enormous  number  of  details  never  seen  before,  but 
there  were  no  traces  of  water,  air,  or  hfe  in  any  form  to  be 
detected,  and  he  went  on  to  say  that  the  obser\  ations  made  failed 
to  give  any  confirmation  of  the  theories  of  the  Paris  astronomers. 
Let  us  assure  Prof.  Barnard  that  we  do  not  believe  that  he  could 
have  been  so  dogmatic. 

It  is  announced  that  Baron  d'Englehardt,  of  Dresden,  an  ener- 
getic amateur  astronomer,  is  giving  up  astronomical  work,  owing 
to.  infirmity  caused  by  advancing  years.  He  has  presented  his 
instruments  and  library  to  the  Eussian  Imperial  Observatory 
of  Kasan.  We  regret  to  think  that  we  shall  receive  no  more  of  the 
Baron  d'Englehardt's  handsome  publications,  the  last  of  which  was 
referred  to  in  our  number  of  1896,  ApriL 

The  post  of  Astronomer  Eoyal  for  Ireland  and  Director  of  the 
Dunsink  Observatory  is  still  unfilled.  The  authorities  of  Trinity 
College,  Dublin,  are  advertising  that  intending  candidates  should 
send  in  their  names  to  the  Eegistrar  by  Nov.  10. 

Pbof.  Baenabd  has  secured  another  photograph  of  a  meteor. 
At  the  time  of  the  last  Perseid  shower  he  exposed  plates  on  the 
mornings  of  August  10,  11,  and  12,  after  moonset.  Two  cameras 
were  used,  a  i  j-inch  lantern-lens  of  6'4-inch  focus,  and  a  3-j^inch 
Clark  portrait-lens  of  i9'4-inch  focus.  On  both  of  these  a  meteor 
left  its  trail  on  the  morning  of  August  10. 

The  series  of  articles  on  the  Meteor  Shower  of  November  which 
have  been  appearing  in  these  pages  between  March  and  October 
have  been  republished  in  one  cover  by  Messrs.  Taylor  and  Francis. 
The  published  price  is  one  shilling. 

We  hear  that  Mr.  Arthur  Mee  has  published  an  enlarged  and 
much  improved  edition  of  his  '  Observational  Astronomy.' 
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From  an  Oxfobd  Notk-Book. 

DuBnvt}  the  past  year  we  have  lost  by  death  a  large  number  of 
astronomers  of  some  note.  One  whose  loss  will  be  widely  felt, 
though  his  position  in  life  was  a  comparatively  humble  one,  was 
Albert  Marth,  who  died  in  Germany  a  few  weeks  ago.  I  do  not 
know  the  circumstances  of  his  death,  but  as  he  was  passing 
through  London  to  Germany  I  met  him  at  the  B*.  A.  S.  rooms, 
and  he  told  uie  he  was  going  for  his  health's  sake.  He  seemed 
as  vivacious  and  energetic  as  ever,  and,  finding  a  sympathetic 
listen'  r,  talked  away  at  a  great  rate.  The  conversation  ran  on 
mistakes  and  misprints,  and  I  find  in  the  Note-Book  the  following 
notes  of  small  errors  to  which  he  drew  attention,  and  which  are 
perhaps  sufficiently  characteristic  of  the  man  to  reproduce  here : — 

^i)  *  American  Ephemeris  Papers,*  vol.  vi.  part  i,  Table  III.  in  Newoomb'f 
Tables  of  the  Sun  : — Sept  4  is  followed  by  Sept  19,  and  the  whole  date  column 
is  wrong  from  this  point  (Those  in  possession  of  these  tables  would  do  well 
to  correct  this  at  once,  as  it  may  easily  lead  to  error  in  using  them.) 

(2)  Ibid.,  Tol.  vii.  part  2,  p.  194,  line  10 : — For  1801  to  1900  read  1800  to 
1899.     Similarly  in  part  i,  p.  57,  line  28. 

(3)  In  Introduction  to  B.  A.  0.  p.  28 : — "  I  have  already  observed  that,  in 
these  tables,  the  year  is  supposed  to  commence  on  January  ist  at  that  moment 
of  time  when  the  Sun*s  mean  longitude  at  mean  noon  at  Greenwich  is  eiacUy 
%Zi°,**    Dele  the  words  in  italics,  which  are  curiously  superfluous. 

The  following  small  items  of  news  mav  not  have  found  their 
way  through  more  ordinary  channels : — Mr.  Charles  Burckhalter 
will  be  in  India  for  the  eclipse,  and  will,  I  hope,  this  time  see  what 
his  buzzing  exposure  shutter  can  do,  On  the  other  hand,  it  seems 
only  too  likely  that  Dr.  Common  will  not  be  able  to  go  to  India. 
From  the  Lick  Observatory  comes  the  intelligence  that  Director 
E.  S.  Holden  has  resigned,  and  Professor  Schaeberle  has  been 
appointed  Acting-Director 

A  PARAGEAPH  written  bv  Mr.  James  Payn  in  another  "  Note- 
Book  "  *  would  be  spoilt  by  any  alteration,  and  so  I  venture  to 
transcribe  the  following  paragraph  verbatim,  though  it  is  only  the 
end  of  it  which  has  a  legitimate  place  here.  I  have  only  altered 
the  spelling  "  Airey  "  to  "  Airy  " : — 

A  good  book  has  recently  been  published  coneeming  epitaphs  and  epigrams. 
Though  generally  found  together  they  are  very  different  matters.  Some  lines 
which  will  probably  not  be  in  the  book  run  in  my  memory,  but  from  what 
source  I  have  no  idea  : 

*'  Of  all  my  mother's  children 
I  love  myself  the  best ; 
As  long  as  I'm  provided  for 
The  devil  take — the  rest." 

That  can  never  have  been  put  over  a  grave,  at  all  events  by  the  occupier.  It 
is  too  frank,  and,  it  must  be  confessed,  ungenial.    Can  anyone  give  tixem  a 
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local  habitation  ?  The  beft  epigram,  by-tbe-bye,  or  mtber  the  beet  application 
of  a  quotation  in  our  time,  was  made  on  Profeesor  Airy,  who  was  made  Plumian 
Professor  at  Cambridge  and  given  the  Observatory  to  live  in  by  the  University, 
but  without  income.  "They  gave  to  Airy  nothing,  a  local  habitation  and  a 
name." 


Now  one  or  two  of  my  stories,  told  in  these  pages,  have  been 
questioned  lately,  and  one  of  them  even  flatly  contradicted,  not  to 
say  disproved.  In  fact  I  may  admit  that  the  bottom  was  knocked 
right  out  of  it.  So  it  is  only  human  nature  to  see  if  one  can  find 
any  flaw  in  other  people's  stories,  and  I  promptly  took  down  Airy's 
autobiography  to  see  what  I  could  find  bearing  upon  the  subject. 
It  would  perhaps  be  too  much  to  expect  to  find  the  actual  story 
there — I  wonder  whether  he  ever  heard  it ! — but  there  is  enough 
to  give  it  a  good  firm  foundation.  "  I  had  made  known  that  I  was 
a  candidate  for  the  Plumian  Professorship,"  Airy  writes  of  events 
in  1828,  "  and  nobody  thought  it  worth  while  to  oppose  me.  .  .  . 
But  meantime  I  told  everybody  that  the  salary  (about  .£300)  was 
not  sufficient  for  me,  and  on  Jan.  20th  I  drafted  a  manifesto  or 
application  to  the  University  for  an  increase  of  salary."  But 
although  a  syndicate  was  ultimately  appointed  to  consider  the 
matter,  it  was  more  than  a  year  before  they  could  do  anything. 

The  Observatory  house  was  furnished  partlv  from  Woodhouse's  sale  and 

partly  from   new  furniture On   March  27th,    1828,  I  slept  at  the 

Observatory  for  the  first  time,  and  on  April   15th  I  came  to  reside  there 
permanently,  and  gave  up  my  OoUege  rooms. 

Pbofessob  Ealb,  of  Austria,  and  Professor  S.  J.  Corrigan,  of 
Minnesota,  both  seem  to  be  trying  to  get  up  a  little  excitement  by 
announcing  the  end  of  the  world.  The  former  gives  the  date  when 
time  shall  end  as  3.3  p.m.  on  November  i^i,  1899.  [I  am  quoting 
an  evening  paper ;  1  hope  it  has  not  altered  the  hour,  consciously  or 
unconsciously,  to  suit  its  own  interests.]  The  latter  Cstill  quoting 
the  evening  paper,  which  was  thoughtfully  sent  to  me)  makes  the 
«'  disclosure  that  the  **  sun-spots  are  due  to  the  evolution  from 
the  Sun  of  an  entirely  new  planet ''  which  "  may  at  any  instant 
break  away  from  the  8uny  and  the  terrific  explosion  which  will 
necessarily  accompany  this  breaking  away  wOl  produce  a  great 
disturbance  of  the  entire  universe,  but  particularly  of  the  Earth, 
erhaps  completely  smashing  it,  and  surely  destroying  all  animal 
ife  on  land  as  well  as  in  the  waters,"  With  truly  noble  self- 
depreciation.  Professor  Corrigan  refuses  to  claim  complete  origin- 
ality for  his  idea.  "  Neither  is  this  tremendous  disturbance  of 
the  Earth  and  the  destruction  of  all  Ufe  upon  it  completely 
unprecedented,"  he  admits ;  for  there  was  a  similar  little  accident 
just  23,000,000  years  ago,  as  is  well  known  to  scientists.  Had  it 
not  been  for  this,  it  might  never  have  occurred  to  Professor  Cor- 
rigan to  examine  the  probabilities  of  the  Sun  being  in  labour,  and 
we  might  never  have  had  this  most  interesting  announcement — 
I  beg  pardon,  *'  disclosure/*    But  now  the  least  he  can  do  is  to 
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supply  us  with  regular  bulletins  on  the  condition  of  his  interesting 
patient.  We  are  naturally  all  deeply  concerned,  even  ''  scandal 
about  Queen  Elizabeth"  would  not  be  '*  in  it"  with  "dis- 
closures "  concerning  the  Sun. 

Which  reminds  me  that  a  grave  accusation  was  made  against 
the  Sun  during  the  month  of  August.  A  Dartford  publican,  who 
had  been  summoned  for  having  sold  whisky  and  rum  below  the 
legal  standard  of  strength,  pleaded  that  the  Sun's  rays  had  acted 
upon  the  stoppers  of  the  glass  and  porcelain  vessels  containing  the 
spirits,  causing  great  evaporation  and  reducing  the  strength. 
Surely  the  fine  of  io«.  and  costs  imposed  is  hopelessly  inadequate? 
Where  are  Mr.  Labouchere  and  the  pillory  ?  Another  correspondent 
kindly  sent  me  the  following  clipping  from  a  local  paper  of  Sep- 
tember  i.  This  wonderful  bargain  must  have  long  ago  been 
snapped  up,  so  that  the  Editor  of  this  Magazine  will  not  be  able 
to  claim  advertisement  rates  for  the  insertion  : — 

A  Valuable  Astronomical  Telescope,  9  feet  long,  with  brass  adjustment  and 
finder  attached.  Object  f^lassee,  8  inches ;  coloured  glasses,  shades  and 
tubes  for  day  and  night  uses  in  mahogany  box  complete ;  mahogany  stand  with 
sliding  and  screw  i^ustments;  Price  JB15.-B0X  491,  East  Anglican  DaHy 
Times,  Ipswich. 

This  note-book,  usually  so  serious,  seems  this  month  to  have 
produced  a  number  of  paragraphs  of  gradually  increasing  frivolity, 
and  it  now  wishes  to  wind  up  with  some  poetry.  Mr.  Ellis's 
interesting  ^*  Beminiscences  "  remind  it  of  a  *'  poem,  or  species  of 
poem,"  which  it  picked  up  after  one  of  the  dinners  on  Greenwich 
Visitation  Day ;  but  we  can  only  allow  a  small  portion  to  appear : — 

Since  I  was  young  and  called  to  the  stars, 

Pre  seen  a  number  of  changes ; 
^Tis  nearly  thirty  years  of  Mars 

Over  which  my  memoir  ranges. 
The  Visitors  then  didn't  drink  French  pop 

In  a  salon  of  high-class  finish  ; 
They  dined  at  four,  on  beer  and  a  chop, 

At  the  *  Grown  and  Sceptre '  in  G-reenwich. 

in  Airy*B  early  days,  I  ween, 

Assistants  were  not  many ; 
Computers  few  and  far  between, 

In  fact  there  were  scarcely  any. 
And  so  they  had  to  work  the  more. 

For  regular  T.  C.  dutv 
Meant  all  the  hours  of  the  twenty-four. 

Which  wore  out  youth  and  beauty. 

They  used  to  measure  our  distance  from  the  Sun 

By  watching  Transits  of  Venus ; 
Now  they  choose  from  the  planets  one 

That  doesn't  even  come  between  us. 
And  Dr.  Gill  declares  he*s  able. 

By  using  a  heliometer, 
To  beat  the  7-flgure  logarithm  table, 

Or  any  known  arithmometer. 
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MEETING  OF  THE  ROYAL  ASTRONOMICAL  SOCIETY. 

Friday,  November  12,  1897. 

Sir  R.  S.  Ball,  LL.D.,  F.R.S.,  Prmdenty  in  the  Chair. 

Secretaries :  Prof.  H.  H.  Tueneb,  M.A.,  B.Sc,  F.R.8.,  and 

H.  F.  Newall,  M.A. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  President,  Since  the  Society  last  met,  Professor  Turner  and 
I  discharged  the  duty  which  was  entrusted  to  us  of  conveying  the 
address  adopted  by  the  last  Meeting  to  Her  Majesty  the  Queeix. 
"We  were  received  by  the  Prince  of  Wales  with  many  other  depu- 
tations which  were  presenting  addresses,  and  the  address  of  the 
Society  was  presented  by  us  to  His  Royal  Highness.  I  will  read 
you  the  reply  which  we  have  received : — 

On  behalf  of  the  Queen,  My  dear  Mother,  I  thank  you  for  your  loyal  and 
.  dutiful  Address,  and  for  the  affectionate  Oongratulations  which  you  tender  on 
the  completion  of  the  60th  year  of  Her  Beign. 

It  is  a  source  of  profound  joy  to  The  Queen  to  receive  the  ^rore^sions  of 
deTOtion  to  Her  Person  and  Family,  which  are  offered  by  Her  subjects 
throughout  the  Empire.  She  is  gladdened  by  the  thought  that  the  60  years  of 
Her  Beign  have  been  years  of  progress  in  knowledge  and  of  increase  in 
prosperity ;  And  She  prays  that,  by  the  blessing  of  Almighty  Q-od,  She  may 
always  Uve  in  the  hearts  of  Her  loving  and  beloyed  People. 

I  might  also  mention  that  in  connection  with  this  address 
presented  to  the  Queen  on  the  occasion  of  the  Jubilee  celebration, 
and  growing  out  of  it,  the  following  letter  came  to  me  a  few  days 
ago.  It  was  addressed  to  me  as  President  of  this  Society,  and 
therefore  it  is  in  that  capacity  that  I  now  read  it : — 

lieut-Col.  Sir  Fleetwood  Edwabds  presents  his  compliments  to  Sir  Bobebt 
Ball,  and  is  commanded  by  the  Queen  to  forward  to  him  the  accompanying 
Medalj  to  be  worn  in  commemoration  of  the  60th  anniversary  of  Her  ]^jesty*s 
Beign. 

This  is  the  Medal  which  Her  Majesty  has  been  pleased  to  confer 
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on  the  President  of  the  Eoyal  Astronomical  Society,  as  well  as,  I 
understand,  on  the  Presidents  of  other  learned  Societies  of  this 
country. 

Mr,  NewdU,  The  number  of  presents  received  since  the  date  of 
Ihe  last  Meeting  amount  to  194.  I  will  call  attention  to  one  or 
1  wo.  Prof.  Newcomb  has  sent  us  a  copy  of  his  new  determina- 
tion of  the  Constant  of  Precession ;  Prof.  Holden,  of  the  Lick 
Observatory,  has  forwarded  to  us  a  copy  of  his  new  work, 
*  Memorials  of  W.  C.  Bond  and  Q-.  P.  Bond ' ;  we  have  received 
from  the  Adams  Memorial  Committee  a  copy  of  the  first  volume 
of  the  collected  papers  of  the  late  Professor  J.  C.  Adams ;  and  we 
have  also  a  very  interesting  volume  from  the  Harvard  College 
Observatory.  Among  such  a  number  of  presents  it  is  difficult  to 
select  any  for  mention  without  being  invidious,  but  I  think  I 
may  add  to  what  I  have  said  that  we  have  also  received  from 
Prof.  Auwers  a  copy  of  his  '  Catalogue  of  Fundamental  Southern 
Stars,'  and  also  several  beautiful  photographs,  among  them  being 
one  by  Professor  Barnard,  of  a  meteor  trail  photographed  on  a 
plate  of  the  Pleiades,  and  one  by  Mr.  W.  E.  Wilson  of  the  nebula 
in  the  constellation  of  Orion.  From  the  Lick  Observatory  we 
have  a  photograph  of  the  Moon  and  Jupiter.  Dr.  Palisa  has  sent 
us  some  star  maps  for  the  Equinox  1875,  ^^^  ^^  ^^^^  ^^^  received 
vol.  i.  of  the  publications  of  the  Zurich  Observatory,  which  contains 
observations  of  sun-spots  in  the  years  1887  to  1889. 

Prof.  Turner  said  that  among  the  papers  received  that  evening 
there  were  very  few  suitable  for  reading  to  the  Society.  There 
was  one  short  paper  by  Mr.  John  Tehhutt,  of  Windsor,  New 
South  Wales,  on  "Equatorial  Comparisons  of  Uranus  with  41 
Librae,  and  a  Probable  Occultation  of  the  Star  by  the  Planet." 
The  observations  were  made  under  fairly  good  conditions,  and 
the  conclusion  drawn  was  that  the  planet  must  almost  certainly 
have  occulted  the  star.  The  occultation  of  any  star  of  sensible 
brightness  by  any  planet  was  a  very  rare  phenomenon,  and 
Mr.  Tebbutt,  in  concluding  the  paper,  suggested  the  desirability 
of  improving  the  table  of  phenomena  in  the  '  Nautical  Almanac.' 

Dr.  Johnstone  Stoney  (presenting  a  paper  "  On  the  Approximate 
Ephemeris  of  the  Leonids  from  1897  December  24  to  1898 
April  8  ").  This  ephemeris  is  a  continuation  of  the  ephemeris  in 
the  '  Monthly  Notices '  of  last  December.  This  is  an  ephemeris  of 
that  part  of  the  Leonid-swarm  which  passed  close  to  the  Earth  in 
1866,  and  when  an  attempt  was  made  to  photograph  meteors  in  the 
open  sky.  It  has  been  thought  desirable  that  these  observations 
should  be  repeated,  since  the  conditions  will  be  somewhat  more 
favourable  in  the  current  season  on  account  of  the  Increasing 
intensity  of  sunshine  upon  the  meteors.  This  will  make  the  image 
of  the  swarm  on  the  photographic  plate  about  three  times  brighter 
than  it  was  last  season.  Even  so  the  chance  of  success  seems 
but  slight ;  but  as  the  gain  to  astronomy,  if  successful  photo- 
graphs are  obtained,  will  be  great,  it    is   desirable  that  pre* 
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parations  should  be  made  for  another  attack.  This  ephemeris 
has  been  drawn  up  under  the  direction  of  Dr.  Downing,  Super- 
intendent of  the  *  Nautical  Almanac/  and  the  computations  have 
been  n^ade  by  Mr.  Thomas  Wright  of  that  Office.  The  cost  has 
been  defrayed  from  a  grant  made  by  the  Eoyal  Society. 

Br,  Downing,  I  am  pleased  to  have  been  able  to  take  part  in 
the  preparation  of  this  epha  neris,  and  I  may  say  that  the  condi- 
tions are  considerably  more  favourable  this  season  than  they  were 
lasu.  Last  season  the  meteor-s  warm  was  at  about  the  distance  of 
Saturn — this  season  it  is  at  about  the  distance  of  Jupiter.  I 
think  Dr.  Stoney  is  to  be  congratulated  upon  having  secured  the 
co-operation  of  Dr.  Isaac  Eoberts  ;  for  if  any  man  can  phoU)graph 
this  swarm  in  the  open  sky,  I  am  sure  Dr.  Eoberts  is  the  man. 

Capt,  Steele,  I  should  like  to  ask  what  is  the  nearest  approach 
of  the  track  of  the  meteor-stream  to  the  Earth  at  any  time,  and 
how  long  it  would  require  a  meteor  to  traverse  that  distance  from 
its  range  to  the  Earth.  I  ask  this  because  in  38  years  I  have  seen 
a  great  number  of  meteors,  and  I  do  not  recollect  one  that  occupied 
more  than  30  seconds  of  time  in  traversing  its  path.  Also  I  cannot 
account  for  the  fact  that  meteors  beyond  our  atmosphere  are 
devoid  of  ilium 'nation. 

Dr,  Stoney,  I  think  the  proper  answer  to  that  question  is  that 
one  of  the  greatest  investigations  made  by  Prof.  Couch  Adams  was 
of  the  orbit  of  these  meteors  ;  and  it  is  from  the  elements  of  the 
orbit  as  determined  by  him  that  the  present  ephemeris  has  been 
constructed.  The  orbit  is  one  which  carries  the  meteors  a  little 
beyond  the  distance  of  Uranus.  A  portion  of  the  thickest  part 
of  the  swarm  passed  close  to  the  Earth  in  1866,  and  that  same 
part  of  the  swarm  is  now  drawing  close  to  the  Sun  and  is  at 
about  the  distance  of  Jupiter,  and  its  position  in  the  sky  can  be 
determined  from  the  elements  of  the  orbit  as  obtained  from  the 
remarkable  investigation  made  by  Prof.  Adams,  Of  course  the 
chance  of  the  swarm  giving  sufficient  light  while  in  the  open  sky, 
even  as  it  draws  closer  to  the  Sun,  to  impress  a  photographic 
plate  is  very  slight;  but  in  a  case  of  this  kind  it  seems  to  be 
idmost  what  I  may  call  an  astronomical  duty  to  attempt  to  photo- 
graph it,  even  though  we  are  quite  aware  that  the  prospect  of 
success  is  but  small. 

The  President.  There  is  one  thing  we  shall  all  agree  with,  and 
ihat  is  we  are  very  much  obliged  to  Dr.  Stoney  for  the  trouble  he 
has  taken  in  preparing  this  ephemeris,  and  we  must  join  in 
jBxpressing  thanks  to  Dr.  Eoberts  and  Dr.  Downing  for  assisting 
him;  and  considering  the  great  interest  which  attaches  to  this 
recurring  swarm  of  meteors  now  within  a  year  or  two  of  the  time 
^hen  we  ought  to  expect  a  return  of  the  great  group,  it  may  be  of 
interest  if  I  read  a  letter  which  I  have  received  from  Professor 
Kdgway,  of  Cambridge.     He  writes  as  follows : — 

My  dear  Sib  Bobbbt, — As  the  14th  is  close  at  hand  with  its  Leonids,  it  has 
ooourred  to  me  that  perhaps  it  was  to  one  of  the  grand  displays  that  Shake- 
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•peare  refers  iu  *  A  Midsummer  Night's  Dream/  Act.  11.  Sc.  i.  (Oberon's  Bpeech)^ 
"  and  certain  stars  shot  madl j  from  their  spheres."  The  pbij  was  first  printed 
in  1600,  and  the  commentators  all  point  out  the  references  it  contains  to 
remarkable  meteorological  occurrences.  The  date  would  fit  one  of  the  big 
displays.  I  ought  to  say  that  'A  Midsummer  Night's  Dream'  was  known  in 
1598  ;  but  it  would  not  at  all  follow  that  it  contained  the  lines  to  which  I  refer^ 
as  Shakespeare  had  a  way  of  gradually  working  up  the  plays.  I  daresay  you 
know  all  about  the  passage,  so  forgive  me  for  troubling  you  with  this. 

(Mr.  Newall  here  left  the  Secretary's  Chair,  which  was  udoc- 
cupied  for  the  rest  of  the  evening.) 

The  President.  Mr.  Ne wall's  leaving  is  not  altogether  without 
significance.  He  is  this  evening  starting  for  Brindisi,  and  from 
there  he  will  proceed  to  India  to  observe  the  Eclipse.  He 
especially  entreated  me  that  I  would  make  no  reference  to  this, 
I  promised  him  I  would  not.  (Laughter.)  Prof.  Turner, 
however,  considers  that  the  promise  was  only  binding  so  long  as 
Mr.  JSTewall  was  here,  and  that  now  1  am  absolved  from  it. 
(Laughter.)  I  am  sure  we  all  wish  him  an  extremely  happy  time 
and  a  good  view  of  the  Eclipse.  Those  of  us  who  went  to 
Norway  and  came  back  with  results  not  of  a  very  high  astro- 
nomical value  will  sympathize  all  the  more  with  the  success  which 
w^e  hope  will  be  obtained  by  this  expedition.  Several  other 
astronomers  are  going,  but  they  are  going  in  ones  and  twos  at 
different  times  and  by  different  routes,  and  Mr.  Newall  appears  to 
be  in  the  van  with  the  party  of  observers  who  are  going  to 
conduct  these  observations  in  far  distant  India.  We  have  heard 
various  accounts  of  the  dangers  winch  may  be  anticipated.  I  am 
not  sure  of  the  number  of  thousands  of  snakes  per  week  that  the 
observers  are  likely  to  encounter,  nor  do  I  know  whether  it  is  true, 
as  I  am  told,  that  the  particular  amusement  in  India  in  the 
evening  is  listening  to  the  tigers  sharpening  their  claws  outside 
the  tent.     (Laughter.) 

Photographs  of  meteors  taken  by  Prof.  Barnard  at  the  Terkes 
Observatory  were  here  thrown  upon  the  screen. 

Dr.  Stoney.  1  think  it  is  of  great  interest  and  importance  to 
find  that  photographs  of  meteors  can  be  taken  so  successfullyr 
One  of  Prof.  Barnard's  best  photographs,  he  told  me,  of  the  nebula 
in  the  Pleiades,  was  taken  in  strong  moonshine.  There  is  an 
impression  that  it  is  only  on  extremely  dark  nights,  and  in  the 
absence  of  moonshine,  that  photographs  can  be  taken. 

Prof.  Turner.  1  should  like  to  put  on  record  an  expression  of 
regret,  when  we  are  talking  about  meteors,  that  we  never  have 
the  pleasure  of  seeing  amongst  us  our  first  British  meteor  observer, 
Mr.  Denning.  It  would  give  us  very  great  pleasure  if  we  could 
have  Mr.  Denning  amongst  us,  even  for  once,  to  hear  what  he  has 
to  say  about  the  approaching  display.  Many  of  us  are  preparing 
to  make  observations  of  meteors  during  the  next  few  years,  though 
we  may  not  have  done  so  previously.  Mr.  Denning  observes 
meteors  not  only  in  sensational  years  such  as  1898  and  1899,  but 
all  the  time ;  and  he  has  recently  published  a  little  pamphlet  on 
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the  subject,' which  is  of  the  greatest  interest.  Many  of  us  will 
make  observations  in  the  next  few  years  who  are  quite  new  to  the 
subject,  and  I  only  hope  that  his  words  of  instruction  will  fall  as 
Beed  on  the  good  ground,  and  that  we  shall  pay  attention  to  the 
advice  of  an  experienced  observer.  Mr.  Denning  does  not  place 
much  faith  in  the  photographic  method.  Perhaps  that  is  natural 
in  one  who  has  spent  so  many  hours  in  observing  meteors  by  the 
eye.  Photographs  of  meteors  are  very  few  in  number,  and  the 
possibility  of  obtaining  success  by  the  photographic  method  must 
not  prejudice  eye-observers ;  and  I  would  suggest  that  observers 
.should  follow  the  advice  given  by  such  an  experienced  student  of 
meteors  as  Mr.  Denning. 

Dr,  Stoney,  I  think  it  is  very  important  that  as  the  Moon  will 
be  shining  brightly  on  the  occasion  of  this  year's  display,  it  should 
be  known  widely  that  it  is  not  hopeless  to  attempt  to  obtain  good 
photographs. 

Copt,  Noble.  I  should  like  to  say  with  regard  to  what  Prof. 
Turner  has  said  about  Mr.  Denning's  book,  that  if  anybody  is 
beginning  to  study  meteorites,  he  had  bette*'  lay  out  a  shilling  on 
the  book.  It  is  an  epitome  of  everything  we  know  on  the  subject, 
And  it  is  certainly  a  most  admirable  little  pamphlet. 

Mr.  Ghamhers,  I  should  like  to  say  a  word  in  partial  reply  to 
what  Prof.  Turner  has  said.  I  happened  to  have  a  few  spare 
hours  at  Bristol  some  time  ago,  and  I  called  upon  Mr.  Denning 
and  had  a  very  profitable  interview  with  him.  I  came  away 
with  the  impression  that  Mr.  Denning,  although  a  great  genius  in 
the  matter  of  meteors,  is  not  one  of  those  self-advertising  geniuses 
of  whom  we  hear  too  much  in  the  present  day. 

Dr.  Stoney.  Might  I  add  that  if  the  meteor-stream  is  following 
one  definite  course,  its  radiant-point  aS  seen  from  the  Earth  will 
be  slightly  changed  in  consequence  of  the  attraction  of  the  Earth  ; 
hence  in  all  cases  the  time  of  the  observation  should  be  recorded  in 
order  that  the  effect  due  to  the  attraction  of  the  Earth  may  be 
subsequently  computed. 

Dr.  W.  J.  S.  Loclcyer.  I  should  like  it  to  be  known  that 
Mr.  Butler,  of  the  Royal  College  of  Science,  about  a  year  and  a  half 
Ago,  took  a  photograph  of  a  magnificent  meteor,  which  burst  right 
in  front  of  the  camera.  He  put  the  camera  outside  his  bedroom 
window  to  test  it,  and  gave  half  an  hour's  exposure,  and  it 
happened  that  a  meteor  burst  in  front  of  the  camera ;  a  very  good 
photograph  was  the  result. 

Prof.  Turner  said  that  the  Society  possessed  this  photograph, 
And  it  would  be  put  upon  the  screen.  (Photograph  thrown  on 
screen.) 

Dr.  Spitta.  Can  Dr.  Lockyer  give  us  any  information  about 
the  lens  ? 

•  Dr.  Loclcyer.  I  think  it  was  about  i  inch ;  it  was  one  of  the 
object-glasses  of  a  field-glass,  and  the  focus  would  be  7  or  8 
inches. 
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Mr.  Shacl'hton  described  his  paper  on  "A  Spectroscopic  Method 
of  determining  the  exact  instant  of  the  Second  and  Third  Contacts 
during  a  Total  Eclipse  of  the  Sun."  After  referring  to  the  spectro- 
scopic method  devised  by  Young  and  Fayein  1869  for  determining 
the  time  of  contacts,  the  author  proceeded  to  show  that  this  was 
difficult  to  realize  practically,  owing  to  the  exact  accuracy  with 
which  the  slit  had  to  be  adjusted  to  the  point  of  contact,  and  the 
large  size  of  spectroscope  required.  He  had  therefore  adopted 
the  simple  method  of  observing  the  second  and  third  contacts  with 
a  small  direct- vision  spectroscope  without  a  slit.  This  obviate* 
any  exact  setting,  for  the  spectroscope  can  be  very  small  and  held 
in  the  hand,  the  observer  watching  until  the  continuous  band  of 
spectrum  narrows  down  to  zero  for  the  point  of  second  contact 
and  until  the  photospheric  spectrum  reappears  at  third  contact.- 
This  method  had  been  tried  during  the  last  total  solar  eclipse,  and 
the  author  had  succeeded  in  estimating  the  instant  of  second 
contact  to  a  degree  of  accuracy  which  made  it  possible  for  the  thin 
stratum  of  vapoiu^  lying  close  to  the  photosphere  known  as  the 
"  reversing  layer  "  to  be  photographed. 

Mr,  SeahroTce.     Did  you  see  the  reversing  layer  ? 

Mr,  SJiacJchton,  No,  for  the  moment  the  continuous  spectrum 
disappeared  I  gave  the  signal  to  *'  go  "  and  prepared  to  work  tho 
dark  slides,  for  if  there  was  a  "  reversing  layer  "  it  must  be  visible 
at  that  moment,  and  a  photograph  was  far  more  important  than  a 
visual  observation. 

Prof,  Turner,  It  is  always  interesting  to  know  the  exact  facts- 
of  a  successful  observation.  "Would  Mr.  Shackleton  kindly  tell  us- 
exactly  what  he  saw  ? 

Mr,  ShacJcleton,  I  watched  the  eclipse  for  ten  minutes  before 
totality  began.  At  that  time  one  could  see  the  chromospheric 
arcs  crossing  the  band  from  the  photosphere.  As  the  Moon 
advanced  this  narrowed  down  w4th  increasing  speed  until  at 
length  it  dwindled  to  a  small  thread,  and  when  it  got  to  this  I 
gave  the  signal  to  go. 

Mr,  Dyson  then  read  a  paper  by  Mr,  Davidson  "  On  an  Apparent 
Error  in  the  Motion  of  Stars  in  relation  to  the  adjustment  of  the 
Polar  Axis  of  a  Telescope."  He  said  that  the  paper  was  connected 
with  the  adjustment  of  a  photographic  equatorial.  The  fact  was 
the  introduction  of  photography  had  made  it  necessary  to  adjust 
the  equatorial  much  more  accurately.  With  visual  observations  it 
did  not  much  matter  whether  the  polar  axis  of  the  telescope  was 
pointing  exactly  to  the  pole,  but  it  became  of  great  importance 
when  a  photograph  of  long  exposure  was  to  be  taken.  At  first  it 
would  seem  rather  a  simple  matter  to  drive  the  equatorial  so  as  to 
take  photographs.  One  would  imagine  that  all  we  have  to  do  is 
to  make  the  equatorial  go  round  at  the  rate  of  sidereal  time,  but 
there  are  two  disturbing  elements.  Consider  the  case  of  a  star 
near  the  meridian  :  refraction  brings  it  somewhat  nearer  to  the 
meridian,  so  the  rate  of  a  clock  must  be  altered  and  slowed  down  so 
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as  to  counterbalance  this.  Further,  when  an  attempt  is  made  to 
photograph  stars  near  the  pole  it  is  exceedingly  important  that  the 
polar  axis  should  be  pointed  accurately,  otherwise  the  telescope 
is  turning  on  a  wrong  axis,  and  images  of  stars,  instead  of  being 
circular,  will  be  parallel  lines.  Dr.  Eambaut  last  December  gave 
a  table  of  the  corrections  for  refraction,  and  Mr.  Davidson  has 
added  to  that  a  correction  for  the  adjustment  of  the  polar  axis. 
The  accurate  adjustment  of  the  polar  axis  of  an  equatorial  is  not 
on  the  true  pole,  as  at  first  sight  would  appear.  It  should  be 
adjusted  on  the  pole  as  it  is  seen  affected  by  refraction ;  that  is  to 
say,  it  should  be  45"  nearer  the  zenith  in  these  latitudes.  If  there 
were  a  star  at  the  pole  it  would  be  seen  45"  nearer  the  zenith  and 
the  polar  axis  of  the  telescope  must  necessarily  point  to  this 
apparent  position.  Mr.  Davidson  very  cleverly  found  this  out, 
partly  from  observation,  for  he  found  the  images  were  not  as 
round  as  they  should  be  if  the  observer  did  not  guide  the  tele- 
scope, and  after  trying  various  ways  of  explaining  the  fact,  he 
finally  discovered  the  true  one.  He  gives  in  his  table  the  necessary 
correction  in  the  rate  of  the  clock  to  correct  both  for  refraction 
and  the  adjustment  of  the  polar  axis.  This  correction  is  in  most 
cases  very  small. 

The  President .  I  have  much  pleasure  in  seeing  Dr.  Eambaut 
here,  and  we  will  offer  our  congratulations  to  him  on  his  first 
appearance  since  his  appointment  to  the  position  of  our  late 
esteemed  and  valued  friend  Mr.  Stone. 

Dr.  Bambaut,  I  am  glad  to  have  the  opportunity  of  expressing 
my  appreciation  of  Mr.  J)avidson's  work,  and  I  feel  sure  from  what 
Mr.  Dyson  has  said  that  it  will  be  an  aid  to  working  with  the 
photographic  telescope.  In  work  of  this  kind  I  found  that  a 
great  part  of  the  difficulty  of  driving  accurately  was  due  to  im- 
perfection in  the  adjustment  of  the  polar  axis,  and  I  was  led  to 
investigate  how  far  the  adjustment  of  the  polar  axis  had  to  be 
accuKftely  effected.  I  understand  from  Mr.  Dyson  that  he  intends 
to  adjust  the  polar  axis  on  the  apparent  pole  instead  of  on  the  true 
pole.  I  think  Prof.  Pickering  makes  the  same  suggestion  in  the 
Harvard  College  Annals,  and  I  daresay  this  device  will  increase 
the  uniformity  of  motion.  The  effect  of  refraction  is  to  cause  the 
apparent  movement  of  the  stars  to  be  unequal  in  different  parts  of 
the  sky,  so  that  however  the  polar  axis  is  adjusted,  it  is  necessary 
to  have  the  clock  driving  at  a  particular  rate  according  to  the  point 
of  the  sky  to  which  the  telescope  is  directed.  Not  having  had  an 
opportunity  of  studying  the  paper,  I  am  unable  to  say  how  far 
Mr.  Davidson's  correction  will  carry  out  these  requirements ;  but 
I  feel  sure  that  they  will  simplify  matters  and  lead  to  good  results. 

Mr.  Dyson  exhibited  two  photographs  which  had  been  taken  at 
G-reenwich  recently  with  the  30-inch  mirror  which  Dr.  Common 
had  made  for  the  new  Thompson  equatorial  at  Greenwich.  They 
were  taken,  he  said,  on  dry  collodion  plates,  and  were  trial  photo- 
graphs, but  were  interesting  as  showing  the  quality  of  the  new 
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plate  which  had  been  used  at  G-reenwich,  and  also  as  showing  the 
excellence  of  the  mirror  that  Dr.  Common  had  made  for  the 
Observatory. 

Prof,  Turner,  I  trust  we  may  be  allowed  to  express  satisfaction 
that  another  instrument  at  Greenwich  is  being  put  into  going 
order.  We  know  from  some  of  our  Transatlantic  friends  that  the 
getting  of  instruments  into  order  is  attended  with  difficulty,  and 
sometimes  with  danger.  I  congratulate  the  Astronomer  Eoyal 
upon  getting  through  the  preliminary  stages.  With  regard  to 
Mr.  Davidson's  paper,  as  one  who  formerly  had  something  to  do 
with  Greenwich,  I  should  like  to  say  how  gratified  I  am  to  see 
such  a  work  coming  from  one  of  the  junior  members  of  the  stafE 
at  Greenwich.  It  would  not  be  easy  to  match  such  an  experience 
from  the  past  history  of  the  place.  I  am  not  sure  that  I  quite 
follow  the  full  result  of  the  paper,  but  the  point  seems  to  be  that 
it  is  better  to  point  the  polar  axis  to  the  pole  as  displaced  by 
refraction.  It  is  a  matter  of  convenience,  I  suppose,  to  do  that 
for  stars  near  the  pole.  As  to  whether  it  will  turn  out  to  be 
better  for  stars  all  over  the  sky  I  am  not  prepared  to  say  at  a 
moment's  notice,  but  it  is  a  result  of  a  more  or  less  new  and 
startling  kind,  and  we  are  becoming  used  to  having  such  little 
surprises  sprung  upon  us  ever  since  the  invention  of  the  dry  plate. 
It  may  have  been  noticed  by  others,  but  I  think  there  is  no  doubt 
in  this  case  that  it  is  an  independent  suggestion. 

Mr,  Dyson,  1  think  the  great  point  in  this  adjustment  is  that 
it  reduces  the  correction  which  is  required  for  the  clock-driving  to 
an  absolute  minimum.  To  get  images  round  and  not  elongated 
the  driving  cannot  be  constant,  but  this  adjustment  makes  the 
variation  of  rate  from  sidereal  time  the  smallest  possible  near  the 
meridiaH. 

The  President,  We  shall  all  echo  the  feelings  expressed  by 
Prof.  Turner.  It  is  a  matter  of  gratification  to  receive  from  a 
member  of  the  junior  staff  at  Greenwich  such  a  suggestion,  and 
one  is  delighted  to  see  there  is  a  promising  young  astronomer  from 
whom  much  more  good  work  may  be  expected. 

Prof,  Turner  then  read  a  paper  by  Dr,  Gill  on  "  The  Effect  of 
the  Chromatic  Dispersion  of  the  Atmosphere  on  the  Parallaxes  of 
a  Centauri  and  /3  Orionis ;  and  on  a  Method  of  Determining  its 
Effect  on  the  Value  of  the  Solar  Parallax  derived  from  Heliometer 
Observations  of  the  Minor  Planets."  The  point  raised  by  Dr.  Gill 
was  whether  certain  systematic  errors  depended  upon  the  eye  not 
being  in  a  certain  direction,  or  were,  as  suggested  by  Dr.  Eam- 
baut,  due  to  the  difference  in  the  colour  of  the  stars.  Dr.  Gill 
had  himself  discussed  his  heliometer  observations  on  the  former 
supposition,  but  Dr.  Rambaut  had  challenged  the  correctness  of 
this  supposition.  In  the  present  paper  Dr.  Gill  gave  his  reasons 
for  adhering  to  his  original  opinion.  He  showed  that  there  was 
possibly  an  effect  of  the  kind  suggested  by  Dr.  Eambaut,  but  that 
if  the  discussion  were  properly  made  the  effect  was  very  much 
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smaller  in  magnitude  than  that  obtained  by  Dr.  Eambaut,  aad 
actually  in  the  reverse  direction. 

Dr.  RamhauU  1  am  glad  to  have  an  opportunity  of  saying  a 
few  words  on  the  subject  of  this  paper.  Although  I  have  not 
had  an  opportunity  of  studying  the  figures  which  Dr.  Gill  has 
incorporated  in  his  paper,  the  subject  does  not  come  to  me  as  a 
complete  surprise,  as  1  have  heard  from  Dr.  Gill  that  he  could  not 
agree  with  the  conclusions  1  arrived  at  in  my  paper  in  the  M.  N. 
I  think  Dr.  Gill  has  not  represented  the  question  at  issue  between 
us  exactly  in  the  form  I,  should  like  to  have  it  put.  My  object  in 
the  paper  referred  to  was  not  to  criticize  Dr.  Gill's  heliometer 
observations  of  a  Centauri,  which  I  always  regarded  with  the 
greatest  respect,  but  to  establish  the  necessity  of  correcting  for 
the  effect  of  a  difference  in  the  character  of  the  light  of  two  stars. 
This  question  occurred  to  me  some  years  ago,  and  I  think,  when 
one's  attention  is  directed  to  the  fact,  it  becomes  obvious  that  there 
must  be  some  effect  on  the  measures  due  to  the  colour  of  the  stars. 
If  there  be  a  difference  in  the  mean  ref  rangibility  of  the  light  of 
the  two  stars,  then  the  refraction-constant  must  be  different  for 
the  two  stars.  I  also  discussed  a  series  of  micrometer  measures  of 
fi  Cygni  and  y  Andromedae  made  by  myself  and  a  series  of  measures 
made  by  our  President  for  the  parallax  of  6i  Cygni;  but  though 
I  am  afraid  my  correction  does  not  add  much  to  the  apparent 
accuracy  of  the  value  obtained  by  Sir  Eobert  Ball,  still  I  thought 
all  the  observations — my  own,  Sir  Eobert  Ball's,  and  Dr.  Gill's — 
did  support  the  view  that  there  was  possibly  a  difference  in  colour 
between  the  principal  and  the  comparison  stars  which  had  a 
sensible  effect. 

Capt,  Hills  then  exhibited  some  reproductions  of  photographs 
of  the  corona.  These  were  copies  of  all  the  photographs  of  the  solar 
corona  that  ever  had  been  taken  with  the  exception  of  one  taken 
in  1870.  These  had  been  reproduced  all  to  the  same  size  and  are 
all  shown  with  the  solar  north  pole  in  the  same  direction.  It  is  the 
intention  of  the  Photograph  Committee  to  put  these  on  sale  as 
fioon  as  possible.  They  are  absolutely  untouched  reproductions. 
Capt.  Hills  said  that  it  was  very  interesting  to  note  from  these  the 
evident  superiority  of  the  pictures  taken  on  the  old-fashioned  wet 
plates.  One  of  the  best  of  the  twelve,  if  not  the  best,  was  one 
taken  in  1871  by  Mr.  Davis.  The  size  of  the  reproductions  shows 
B  picture  of  the  Sun  with  a  diameter  of  i|  inches. 

The  President.  The  intimation  by  Capt.  Hills  that  it  will  be 
possible  for  Fellows  of  the  Society  to  purchase  these  beautiful 
pictures  is  particularly  pleasing.  We  owe  a  debt  of  gratitude  to  the 
Photograph  Committee,  who  have  done  so  much  for  us  in  selecting 
from  the  beautiful  collection  of  pictures  belonging  to  the  Society 
those  suitable  for  reproduction,  and  this  series  will  be  a  very 
valuable  addition  to  that  selection. 

Mr,  JShachleton.  Which  of  the  photographs  have  been  selected 
for  reproduction  ? 
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Cajyt,  mils.  Those  which  show  the  corona  best.  Of  those 
taken  in  1893  two  have  been  selected,  one  taken  in  Africa  and 
one  in  Brazil.  I  think  in  future  it  may  be  advisable  to  take  more 
than  one  of  each  eclipse,  that  is  if  the  Committee  can  afford  the 
expense  of  reproducing  more  than  one. 

Dr.  Downing.  Capt.  Hills  said  that  photographs  taken  by  the 
old  \vet  plate  process  are  the  best.  I  think  that  the  observers  of  the 
coming  eclipse  should  take  note  of  that  remark,  and  ought  not  to 
lose  the  opportunity,  if  possible,  of  taking  photographs  on  wet 
plates.  Two  of  the  observers  at  Vadso  in^ August  1896  were  pre- 
pared to  take  pictures  by  that  process,  but  unfortunately  the 
weather  did  not  enable  them  to  do  anything.  I  hope  Capt.  Hills's 
remark  will  not  be  lost  sight  of. 

The  following  papers  were  announced  and  partly  read  : — 

T.  J.  J,  See.     '•  On  the  Nature  of  the  Orbit  of  y  Lupi." 

Lewis  Swift.  "  List  No.  4  of  Nebulae  discovert  at  the  Lowe 
Observatory." 

John  Tehbutt.  ''Equatorial  Comparisons  of  Uranus  with 
41  Librae,  and  a  probable  Occultation  of  the  Star  by  the  Planet." 

David  Grill.  "  On  the  Effect  of  the  Chromatic  Dispersion  of  the 
Atmosphere  on  the  Parallaxes  of  a  Centauri  and  /3  Ononis ;  and 
on  a  Method  of  Determining  its  Effect  on  the  Value  of  the  Solar 
Parallax  derived  from  Heliometer  Observations  of  the  Minor 
Plane!  s." 

A.  Stanley  Williams.  "  The  Great  Equatorial  Current  of 
Jupiter." 

O.  Johnstone  Stoney.  "  Approximate  Ephemeris  of  the  Leonids 
from  1897  Dec.  24  to  1898  April  8." 

Robert  Bryant.  "  On  the  Effect  upon  the  Moon's  Motion  of  a 
Hypothetical  Change  in  the  Law  of  Gravitation." 

Wm.  Shackleton.  "  A  Spectroscopic  Method  of  Determinmg 
the  Second  and  Third  Contacts  during  a  Total  Eclipse  of  the 
Sun." 

H.  F.  Newall.  "  Note  on  a  Result  used  by  Prof.  Wadsworth 
in  several  recently  published  Papers." 

C.  Davidson,  "  On  the  Apparent  Diurnal  Motion  of  Stars  as 
affected  by  the  Adjustment  of  the  Polar  Axis  of  a  Telescope." 
(Communicated  by  the  Astronomer  Royal,) 

Royal  Observatory,  Greenwich.  "Observations  of  Comet  6  1897 
(Perrine)." 

The  following  Candidates  were  proposed  for  election  as  Fellows 
of  the  Society : — 

Capt.  E.  J.  Griffin,  Commander  of  the  TJ.S.S.  Co.'s  *Moor,' 
Lieut.  E.N.R.  (proposed  by  Capt.  D.  Eorbes). 

J.  Nevil  Maskelyne,  88  Trinity  Eoad,  Upper  Tooting,  S.Wr 
(proposed  by  E.  W.  Maunder). 
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Ambrose  Swasey,  Cleveland,  Ohio,  U.S.A.  (proposed  by  Sir  E.  S. 
Ball). 

John  VaugJian,  Sub-Lieut.  E.N.R.,  Commander  China  Navi- 
gation Co.,  Shanghai,  and  42  Aubert  Park,  Highbury,  London,  N, 
(proposed  by  T.  Mackenzie). 

Thomas  Emley  Young ^  B.A.,  President  of  the  Institute  of 
Actuaries,  108  Evering  Eoad,  Stoke  Newington,  London  (proposed 
by  G.  E.  Hardy). 


THE  BEITISH  ASTEONOMICAL  ASSOCIATIOX. 

The  Seventh  Annual  Meeting  of  the  British  Astronomical  Associ- 
ation was  held  at  University  College,  Gower  Street,  on  Wednesday, 
October  27th,  Mr,  N.  E.  Green,  F,B,A,S.y  the  President,  in  the 
Chair. 

The  names  of  20  Candidates  for  Membership  were  read  and 
suspended,  and  the  election  of  13  new  Members  was  confirmed. 

The  report  of  the  Scrutineers  of  the  Ballot  for  the  election  of 
the  new  Council  was  then  read,  and  the  appointments  of  the 
Editor  and  Directors  of  Sections  were  confirmed.  The  following 
is  a  complete  list : — President,  N.  E.  Green  ;  Vice-Presidents,  Miss^ 
E.  Brown,  Arthur  Cottam,  Mrs.  A.  S.  D.  R.  Maunder,  W.  H. 
Wesley ;  Treasurer,  W.  H.  Maw ;  Editor,  E.  Walter  Maunder ;. 
Secretaries,  J.  G.  Petrie,  William  Schooling;  Librarian,  E.  W* 
Levander.  Directors  of  the  Observing  Sections  :  Sun,  Miss  Brown  ;. 
Moon,  Walter  Goodacre  ;  Mercury  and  Venus,  Henry  MacEwen  ; 
Mars,  E.  M.  Antoniadi ;  Juj>iter,  Rev.  W.  R.  Waugh ;  Saturn^ 
N.  E.  Green  ;  Comets,  A.  C.  D.  Crommelin ;  Meteors,  Henry 
Oorder ;  Star  Colours,  G.  F.  Chambers  ;  Variable  Stars,  J.  E.  Gore  ; 
Double  Stars,  G.  M.  Seabroke ;  Spectroscopy,  J.  Evershed  ;  Photo- 
graphy, Joseph  Lunt.  Oth^r  Members  of  the  Council,  Rev.  J.  M. 
Bacon,  Miss  A.  M.  Clerke,  Sir  Howard  Grubb,  Sir  Wm.  Huggins, 
Arthur  Kennedy,  G.  J.  Newbegin,  Dr.  Isaac  Roberts,  David 
Smart,  Dr.  G.  Johnstone  Stoney,  P.  J.  Ward  ale. 

The  Treasurer,  Mr.  Maw,  then  presented  the  accounts  for  the 
past  year,  and  in  doing  so  called  special  attention  to  the  very 
heavy  and  increasing  outlay  on  the  publications,  amounting  ta 
.£590,  or  I  OS.  3(f.  per  Member  in  return  for  a  subscription 
of  los.  6d. 

Mr.  Ellis,  one  of  the  Auditors,  pointed  out  that  but  for  tho 
entrance  fees  and  some  special  donations,  the  Association  would 
not  have  been  able  to  pay  its  way.  He  also  suggested  that 
Members  should  complete  their  sets  of  the  publications  issued 
prior  to  the  date  of  their  election. 

Mr.  Maunder  supported  Mr.  Ellis's  suggestion,  and  added  that 
while  Mr.  Maw,  as  Treasurer,  wanted  to  cut  down  the  expense  of 
the  Journal,  he,  as  Editor,  wanted  to  spend  more  money  upon  it. 

The  accounts  were  then  unanimously  adopted. 

Mr.  Petrie  announced  that  the  next  Meeting  of  the  Association 
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would  be  held  at  Sion  College,  on  the  Thames  Embankment,  where 
they  would  have  a  beautiful  hall  in  a  more  accessible  locality. 

Mr,  Maunder  aunounced  that  the  Association  had  now  received 
a  definite  offer  of  a  site  in  the  grounds  of  the  Royal  Botanic 
Society  for  the  erection  of  an  observatory.  The  site  was  one  of 
the  most  central  and  convenient  in  London,  and  afforded  a  good 
horizon,  and  it  only  remained  therefore  to  raise  the  necessary 
funds.  The  cost  would  probably  be  between  .£300  and  .£400. 
They  were  to  some  extent  provided  with  instruments,  the  Presi- 
dent, Mr.  Green,  haWng  offered  his  beautiful  18-inch  reflector, 
Mr.  Crawford,  of  DoUond's,  a  2-inch  transit-instrument,  and 
Mr.  Calver  a  mirror  of  any  size  they  wished  to  have  and  which  he 
was  capable  of  making. 

The  President  then  proceeded  to  deliver  his  address.  He  re- 
marked tliat  there  were  many  things  in  connection  with  the 
British  Astronomical  Association  in  which  he  took  an  interest, 
and  he  had  selected  a  few  of  them  for  notice.  In  the  first  place 
there  wa^  photography,  which  would  doubtless  be  the  power  of 
the  future.  Its  successes  were  many  and  gave  promise  of  almost 
infinite  extension  ;  its  failures  were  few  and  capable  of  removal. 
The  grand  truthfulness  of  the  pjeneral  results  of  photography 
made  any  departures  from  this  all-important  character  the  more 
palpable  and  painful.  How  was  it  that  we  never  got  a  photograph 
ol"  Mars,  Jupiter,  or  Saturn  with  anything  like  the  detail  that  could 
be  seen  with  the  eye  assisted  by  a  good  telescope  ?  It  was  because 
their  light  was  too  feeble  to  produce  an  instantaneous  image  on 
the  plate,  while  the  rotation  of  the  planets  made  it  necessary  that 
the  exposure  should  be  exceedingly  short.  The  remedy  for  this 
difficulty  was  to  make  plates  very  much  more  sensitive,  and,  he 
might  add,  by  taking  a  considerable  number  of  them  in  order  that 
the  most  perfect  might  be  selected.  He  had  every  confidence  that 
this  would  be  attained,  and  that  they  would  eventually  possess 
photographic  pictures  of  the  planets  as  perfect  as  any  that  have 
been  produced  of  the  Moon. 

Bef erring  to  the  planet  Mars,  the  President  said  that  at  one 
time  he  had  not  been  able  to  give  credence  to  the  existence  of 
those  mysterious  lines — the  canals  ;  but  the  testimony  of  so  many 
Members  of  the  Association  had  thoroughly  convinced  him  at 
least  of  their  existence,  although  what  he  had  failed  to  see  twenty 
years  ago  at  Madeira  he  could  hardly  hope  now  to  see  for  himself. 
There  were,  however,  two  remarks  he  would  like  to  make  on  this 
subject.  In  the  first  place  he  thought  a  more  appropriate  name 
than  "  canal"  might  be  found  for  markings  that  must  be  at  least 
50  miles  broad  to  be  visible  at  all,  and  in  the  next  place  he  had 
noticed  that  those  observers  who  depicted  the  canals  most  clearly 
seemed  to  fail  to  see,  or  at^  any  rate  to  record,  the  far  more 
obvious  shaded  markings. 

The  President  then  proceeded  to  give  a  most  interesting  account 
of  the  old  Selenographical  Society,  of  which  he  had  been  an  early 
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member  and  for  some  time  secretary.  This  Society  was  formed  in 
1877,  and  met  by  permission  of  tbe  Eoyal  Astronomical  Society  in 
their  rooms  in  Piccadilly.  The  first  President  was  Mr.  W.  R, 
Birt,  the  Vice-Presidents  Messrs.  Qeorge  Knott  and  the  Eev.  T. 
Webb,  ^U  now  passed  away.  Mr.  Herl^ert  Sadler  was  Secretary, 
and  the  council  consisted  of  Messrs.  James  MeCance,  Ainslie 
Common,  Nathaniel  Green,  Edmund  Q.  Loder,  Edmund  Neison, 
and  Capt.  Noble.  The  cessation  of  the  Society  was  brought  about 
partly  by  the  death  of  some  of  its  most  energetic  members,  and 
partly  by  the  state  of  its  finances,  the  printer's  bill  having  eaten 
up  all  the  subscriptions. 

In  conclusion  the  President  suggested  that  the  annual  dinner 
might  be  made  a  more  popular  gathering,  or  that  occasional  con- 
versaziones might  be  held  for  the  purpose  of  bringing  the  Members 
together  and  making  them  better  acquainted. 

Votes  of  thanks  to  the  President  for  his  address,  to  the  retiring 
Members  of  the  Council,  to  the  Auditors,  and  to  the  Scrutineers 
were  then  passed. 

Mr,  Maunder  read  a  paper  by  Mr.  Pamiekoek^  of  Leiden,  on 
"  The  Existing  Drawings  of  the  Milky  Way,  and  the  Necessity  of 
Further  Eesearches,"  which  Mr.  W.  Wesley  supported,  urging 
that  drawings  from  naked-eye  observations  had  some  advantages 
over  photography  for  depicting  the  Milky  Way. 

An  interesting  paper  on  "  The  Eotation  Period  of  Venus,"  by 
M,  Aiztoniadi,  was  then  read.  As  the  result  of  a  rigorous  and  syste- 
matic investigation  at  Juvisy,  M.  Anton iadi  had  arrived  at  the 
conclusion  that  the  markings  most  constantly  recorded  were  due 
simply  to  contrast,  and  the  more  fugitive  markings  of  the  planet 
were  of  purely  atmospheric  origin,  and  that  we  were  not  authorized 
to  speak  of  the  rotation  period  of  Venus,  whose  dazzling  atmosphere 
appeared  to  hide  all  true  surface-markings  from  our  view. 

After  a  short  discussion  the  Meeting  adjourned. 


EOTAL  METEOEOLOaiCAL  SOCIETY. 

The  opening  Meeting  of  the  Session  was  held  on  Wednesday, 
Nov.  17,  at  the  Institution  of  Civil  Engineers,  Mr,  E,  Mawley^ 
F,E.H,S,,  President,  in  the  Chair. 

Mr.  B.  H.  Curtis  gave  the  results  of  a  comparison  between  the 
sunshine  records  obtained  simultaneously  from  a  Campbell-Stokea 
Burning  Eecorder  and  from  a  Jordan  Photographic  Eecorder.    g|| 

The  Campbell-Stokes  Eecorder  consists  of  a  sphere  of  glasa 
4  inches  in  diameter,  supported  in  a  metal  zodiacal  frame.  A 
card  being  inserted  in  one  of  the  grooves  according  to  the  season 
of  the  year,  the  Sun,  when  shining,  bums  away  or  chars  the 
surface  at  the  points  on  which  its  image  successively  falls,  and  so 
gives  a  record  of  the  duration  of  bright  sunshine. 

The  Jordan  Eecorder  consists  of  a  cylindrical  box,  on  the  inside 
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of  which  is  placed  a  sheet  of  sensitive  cyanotype  paper.  The 
sunlight,  which  is  admitted  into  the  box  by  two  small  apertures, 
acts  on  the  paper  and,  travelling  over  it  by  reason  of  the  Earth's 
rotation,  leaves  a  distinct  trace  of  chemical  action.  In  an  improved 
pattern  two  semi-cylindrical  boxes  are  used,  one  to  contain  the 
morning  and  the  other  the  afternoon  record. 

The  Campbell-Stokes  instrument  gives  a  record  of  Sun  Tuat^  and 
the  Jordan  instrument  a  record  of  Sun  light ;  and  whilst  it  is 
probably  true  that,  as  a  rule,  the  burning  and  chemical  effects  vary 
directly  with  the  brightness  of  the  Sun's  rays,  yet  it  by  no  means 
foUows  that  the  conditions  which  will  produce  the  most  active 
chemical  action  must  necessarily  and  always  be  those  most  favour- 
able for  burning.  It  has  been  the  opinion  of  most  observers  that 
the  photographic  instruments  yield  a  larger  record  than  those  of 
the  burning  t^pe.  In  order  to  set  the  matter  at  rest,  the  Council 
of  the  Eoyal  Meteorological  Society  determined  to  institute  a  com- 
parison betweea  the  Campbell -Stokes  and  the  Jordan  Recorders, 
which  should  thoroughly  test  the  capabilities  of  the  two  instru- 
ments, and  at  the  same  time  afford  reliable  data  for  determining 
how  far  the  records  yielded  by  the  one  may  be  accepted  for 
comparison  with  those  obtained  from  the  other. 

These  simultaneous  observations  were  carried  out  by  Mr.  E.  T. 
Dowson  at  Gleldeston,  near  Beccles,  and  extended  over  a  period  of 
twelve  months.  The  records  were  sent  to  Mr.  Curtis  for  tabu- 
lation, who  gave  the  results  of  his  examination  in  this  paper. 
After  describing  the  methods  adopted  for  the  measurement  of  the 
records,  Mr.  Curtis  drew  the  following  conclusions  from  the 
figures  : — (i)  In  the  case  of  the  Campbeu-Stokes  instrument  the 
records  are  capable  of  being  measured  with  a  yery  fair  degree  of 
accuracy.  (2)  The  records  of  the  Jordan  instrument  afford  room 
'  for  much  greater  difference  of  opinion  as  to  what  ought  to  be 
tabulated,  and  consequently  measurements  of  the  Jordan  curves 
are  open  to  considerably  more  doubt  than  are  measurements  of  the 
Campbell-Stokes  curves.  (3)  When  the  v^  hole  of  the  photographic 
trace  which  can  be  distinctly  seen,  but  including  portions  of  it 
which  are  decidedly  faint,  has  been  carefully  measured,  the  amount 
will  approximate  sufficiently  to  that  of  the  Campbell-Stokes  in- 
strument to  allow  of  records  obtained  from  both  forms  of  instrument 
being  compared  inter  se, 

Erom  an  examination  of  the  records  at  other  stations  it  appears 
that  on  some  occasions  the  instruments  have  begun  to  record 
within  13  minutes  after  sunrise,  and  have  continued  up  to  10 
minutes  before  simset. 

Mr.  Curtis  concluded  his  paper  by  calling  attention  to  various 
defects  in  the  adjustment  and  working  of  the  instruments,  and 
pointed  out  how  these  might  be  overcome. 

After  the  paper  had  been  read,  an  interesting  discussion  ensued 
as  to  the  merits  of  the  respective  sunshine  recorders. 
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The  Leonid  Display,  1897  *. 

Vbbt  unfavourable  weather  appears  to  have  prevented  the  suc- 
xsessful  observation  of  the  Leonids  at  their  recent  return.  In 
consequence  of  this  the  impression  seems  to  have  gained  ground 
that  the  phenomenon  did  not  occur  as  predicted.  This  is,  how- 
ever, a  mistake.  Could  those  observers  who  saw  so  little  on  the 
night  of  the  13th,  have  viewed  the  sky  late  on  the  following  night, 
they  must  have  been  satisfied  at  the  character  of  the  display. 
Between  about  4.30  and  6  a.m.  on  Monday  morning  the  15th,  the 
visual  streak-leaving  meteors  from  Leo  became  very  numerous,  and 
some  of  them^  were  unusually  brilliant,  one,  which  appeared  at 
5.25  A.M.,  being  brighter  than  the  Moon.  Unfortunately  the  sky 
was  overcast  at  the  great  majority  of  places  at  the  time  when  the 
maximum  occurred,  and  very  few  reports  have  come  to  hand,  but 
they  furnish  unquestionable  evidence  as  to  a  plentiful  fall  of 
meteors  in  the  few  hours  preceding  sunrise  on  the  15th. 

Before  midnight  on  the  13th,  and  during  the  early  morning 
hours  of  the  14th,  meteors  were  comparatively -rare,  and  may  be 
.said  to  have  been  more  conspicuous  by  their  absence  than  by  their 
presence.  The  shower  of  Leonids  was  of  an  extremely  meagre 
character,  and  such  as  might  occur  in  an  ordinary  year  with  the 
parent  comet  near  its  aphelion.  But,  apart  from  the  disappointing 
meteors,  the  night  of  the  13th  was  one  of  singular  beauty.  At 
Bristol  the  sky  partly  cleared  at  11.30  p.m.,  and  the  atmosphere 
became  remarkably  transparent.  The  Moon  and  stars  shone  very 
brightly,  and  films  of  white  cloud,  floating  rapidly  across  the  sky, 
gave  it  a  very  picturesque  appearance. 

From  the  observations  reported  it  may  be  well  to  make  a  few 
extracts : — 

Mr,  S.  H.  R,  Salmon,  South  Croydon, — Sky  perfectly  clear 
November  13,  14^  to  16**.  About  seven  meteors  seen,  including 
four  bright  ones  as  under : 

h  m    B 

15     3  45    First  mag.  from  Andromeda. 
15  28     o    First  mag.  Leonid. 
^S  3^  45    First  mag.    Not  a  Leonid. 

15  53     o     =Sirius.    Probably  a  Leonid.    It  fell  in  a  curved  path 
slightly  south  of  Jupiter,  and  was  a  beautiful  object. 

Uev,  S.  J.  Johnson,  Bridport. — Tolerably  clear  on  November  13, 
between  15^  and  15^  30"",  but  not  a  single  meteor  was  observed. 

Miss  Brown,  Cirencester, — The  sky  was  perfectly  clear  on 
November  13,  11**  45™  to  13^  15™,  and  the  eastern  sky  was 
watched  from  a  window  facing  that  quarter,  but  no  meteors 
were  seen. 

Mr,  W,  H,  Milliyan,  Belfast. — Cloudy  weather  prevented  ob- 

*  From  *  Nature/  1897  November  25. 
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servation  except  on  one  night,  November  13,  ii'^to  1^  30",  when 
only  one  sporadic  meteor  was  recorded  ;  no  Leonids. 

D.  W.  Walton^  Kingston-on'Thames. — Sky  clear  and  Moon 
bright  on  November  13,  lo*"  30"  to  ii**  30",  but  only  one  meteor 
appeared.  Partly  overcast  afterwards,  but  a  few  faint  meteors 
were  noticed  in  breaks  between  the  clouds. 

Bristol. — The  writer  watched  the  sky  on  November  13,  between 
about  II**  30"  and  13**,  but  no  Leonids  were  recorded.  The  sky 
clouded  after  14^  and  the  following  night  was  overcast  throughout. 
Mr.  Corder,  at  Bridgwater,  reports  that  the  nights  following 
November  13  and  14  were  too  cloudy  to  permit  of  observation. 

W.  Trueman  Tucker y  Loughborough, — On  November  14  the  clouds 
cleared  away  between  16**  and  16**  30™,  but  the  Moon  was  very 
bright,  and  must  have  extinguished  many  of  the  smaller  meteors. 
Between  16**  30"  and  18**  a  considerable  number  of  shooting  stars 
were  observed,  but  no  exact  count  was  kept.  The  lines  and 
approximate  paths  of  ten  of  the  more  conspicuous  ones  were  noted, 
and  the  brightest  of  all  appeared  in  Cepheus  at  17  *>  25"*.  It  was 
sufficiently  luminous  to  cast  distinct  shadows  in  spite  of  the 
moonlight.  Very  brilliant  meteors  also  fell  at  17**  10",  17'*  15", 
17*  35"*,  and  i7»*  40'". 

*  The  Dumfries  and  Qtdloway  Standard '  of  November  17  reports 
that  the  nights  of  November  12  and  13  were  overcast.  On 
November  14,  soon  after  midnight,  the  clouds  began  to  roll  off^ 
and  the  sky  afterwards  became  very  clear.  An  amateur  observer 
began  watching  at  12**  30"*,  and  from  that  time  until  16^  15™  he 
noted  in  all  only  thirty-three  meteors,  not  more  than  thirteen  or 
fourteen  being  Leonids.  He  then,  thinking  the  outlook  not  suf- 
ficiently promising  for  any  striking  development  of  the  shower, 
folded  up  his  note-book  and  star-charts  and  retired.  Shortly 
afterwards,  however,  the  Leonids  increased  rapidly  both  in  numbers 
and  brilliancy.  At  about  1 6^  50™  "  a  couple  of  young  bakers  going 
along  the  Whitesands  to  their  work  were  startled  by  many  meteors 
throwing  their  fiery  lances  athwart  the  sky.  They  estimate  the 
numbers  as  not  fewer  than  ten  shooting  stars  to  the  minute,  and 
state  they  never  saw  so  many  before  in  all  their  lives." 

The  latter  description  is  probably  exaggerated,  but  it  seems  ta 
convey  an  expression  of  fact  such  as  we  should  expect  from  persons 
not  acquainted  with,  but  surprised  by,  an  unusual  celestial  event. 
Though  the  rough  estimate  given  as  to  the  number  of  meteors 
visible  may  far  exceed  the  actual  figures,  there  is  no  doubt  from 
the  corroborative  testimony  afforded  by  Mr.  Tucker  at  Lough- 
borough, quoted  in  a  previous  paragraph,  that  the  Leonid  shower 
displayed  quite  a  special  activity  on  the  morning  of  November  15. 
That  it  was  apparently  observed  by  few  persons  is  unfortunate^ 
but  no  other  result  could  be  expected  in  view  of  the  cloud-laden 
atmosphere  which  prevailed,  generally,  at  the  time.     It  is  to  be 
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hoped  that  more  favourable  condit  ions  obtained  at  foreign  stations, 
and  that  successful  observations  were  secured.  The  shower  seeuis 
to  have  presented  itself  somewhat  later  than  the  time  expected, 
both  in  1896  and  1897.  W.  F.  Denning. 


A  Determination  of  Precession  *. 

At  the  Paris  Conference,  hold  in  1896  May,  Professor  Newcomb 
was  requested  to  re-determine  the  value  of  the  precessional  con- 
stant, and  in  accordance  with  thir*  request  has  published  a  new 
determination  based  on  the  Bradley  stars.  The  determination  of 
this  constant  is  a  matter  of  extreme  difficulty.  If  the  stars  had 
no  proper  motions  it  is  evident  that  the  movement  of  the  pole  o£ 
the  Earth  among  them  would  be  easily  found.  If  they  were  all 
at  such  a  distance  that  their  parallax,  due  to  the  motion  of  the 
Sun  in  space,  was*  insensible  in  a  century,  the  question  would  be 
simplified  materially.  As  it  is,  however,  the  equations  which  the 
observations  of  a  star  furnish  for  the  determination  of  the  pre- 
cession contain  both  the  distance  of  the  star  and  what  Professor 
Newcomb  designates  its  "  motus  pmculiaris."  These  are  clearly 
unknown  quantities  for  any  individual  star,  and  even  when  stars 
are  taken  collectively  we  have  only  rough  indications  of  their 
average  distances  from  their  magnitudes  and  from  their  proper 
motions,  and  the  latter  need  to  be  very  carefullly  used:  to«  avoid 
argument  in  a  circle. 

In  its  relation  to  the  determination  of  precession  the  proper 
motions  of  the  stars  must  be  treated  as  errors  of  observation  are 
treated ;  but  unfortunately  the  proper  motions  are  not  distributed 
according  to  the  least-squares  law  of  error.  This  is,  of  course,  not 
to  be  wondered  at  any  more  than  the  divergences  shown  in  other 
statistical  examples,  for  instance:  *^  the  height  of  St.  Louis  school 
girls  aged  8  "  or  "  the  frequency  of  enteric  fever  with  age  '*  (see 
Mr.  Kitrl  Pearson,  Phil.  Trans.  1895,  A.  Part  i.  pp..  343-414). 
But  as  the  distribution  of  proper  motions  diverges  from  the  least- 
square  law  the  application  of  least-square  methods  cannot  be 
expected  to  give  a  very  accurate  determination.  However, 
no  course  essentially  different  is  open,  though  some  modifications 
may  be  introduced,  such  as  the  rejection  of  stars  of  large  proper 
^lotion.  Professor  Newcomb  uses  several  different  methods,  and 
makes  separate  determinations  from  stars  of  different  magnitudes. 
For  those  who  have  not  access  to  Prof.  Newcomb's  paper,  an 
account  of  the  different  methods  is  given  in  A.  J.  405.  The 
different  methods  of  treatment  give  sufficiently  accordant  results, 
and  the  stars  of  different  magnitudes  agrc^e  as  well  as  would  be 
expected,  but  the  correction  derived  from  Declinations  is  about  i"*o 

*  By  Prof.  Simon  Newcomb.    Papert  pitblislied  for  th6  use  of  the  American 
£}fibeineri8. 
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per  century  greater  than  that  derived  from  Bight  Ascemions,  This 
discordance  may  be  explained  in  part  as  due  to  an  error  in 
Prof.  Newcomb's  new  system  of  fundamental  right  ascensions 
which  he  has  used  in  the  discussion.  Comparison  with  the  G-reen- 
wieh  Sun  observations  1 836-1895,  assuming  that  the  t^roublesome 
personal  equation  to  which  Sun  observations  are  unquestionably 
liable  is  not  systematically  different  for  the  modem  and  the  older 
observers,  indicates  a  correction  to  Prof.  Ne.wcomb's  normal 
system  ot\about  -f  o*'5  per  century.  The  observations  of  Mercury 
indicate  a  correction  of  -f  i"'o.  Altogether  Prof.  Newcomb  con- 
siders that  all  the  evidence  points  to  an  error  in  his  normal  system 
of  about  4-o"-3  or  +o"*4  per  century.  This  diminishes  the 
difference  between  the  results  derived  from  Right  Ascensions  and 
Declinations,  and  from  consideration  of  these  still  somewhat 
discordant  results  Prof.  Newcomb  decides  to  apply  a  correction  of 
4-o"*8o  to  the  General  Precession  which  he  adopts  in  his  "  Astro- 
namical  Constants/*  and  to  leave  the  normal  system  alone. 

General  Precession. 

Newcomb  (Astr.  Constants) 50**2373 

Newcomb  (Value  of  Precession)    . .      50  "2453 
Struve-Peters 50  '2524 

It  does  not  seem  to  us  that  an  adequate  reason  is  adduced  for 
the  substitution  by  astronomers  of  Prof.  Newcomb's  new  value 
for  that  of  Struve-Peters.  The  new  value  differs  as  much  from 
the  value  of  the  "  Astronomical  Constants  *'  used  in  Prof.  New- 
comb's  Planetary  Tables  as  it  does  from  Struve-Peters*.  The  deter- 
mination rests  almost  entirely  on  Bradley,  to  which  considerable 
systematic  corrections  have  been  applied.  The  difference  between 
Newcomb  And  Struve-Peters  is  only  0*71,  and  (quoting  Prof. 
Newcomb)  "when  a  value  of  the  precessional  constant  is  once 
adopted,  it  should  be  continued  as  long  as  possible  without 
change."  The  Struve-Peters  value  is  in  general  use  all  over  the 
world,  with  the  exception  of  France,  where  Leverrier's  value  is 
used — for  instance,  in  the  extensive  and  laborious  determinations 
of  proper  motion  recently  made  by  Auwers,  Becker,  Porter, 
Stumpe,  Eogers,  and  others ;  and  till  a  more  definitive  result  from 
further  discussion  of  moi*e  material  can  be  obtained,  the  chanp;e 
would  not  be  universally  accepted,  and  confusion  would  arise. 
Further,  other  recent  dett^rminatious,  such  as  those  of  M.  Ludwig 
Struve  and  M.  Nyren,  do  not  agree  with  Prof.  Newcomb's.  The 
value  do«js  not  harmonize  with  the  normal  system  of  Prof.  New- 
comb. Further,  a  new  normal  system  is  in  preparation  by 
13r.  Auwers,  and  before  making  changes  it  is  desirable  to  see 
what  value  the  precession  would  have  if  obtained  with  this 
system. 

Though  it  does  not  seem  to  us  that  Prof .  Newcomb  has  obtained 
a  result  ot  sufficient  certaiuty  to  make  so  snmll  a  change  desirable, 
we  are  indebted  to  him  for  a  very  full  and  interesting  discussion. 


*  ■* 
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The  question  is  looked  at  from  all  sides,  and  tho  many  difficulties 
with  which  the  determination  is  surrounded  are  carefully  con- 
sidered and  discussed.  Probably  the  best  result  obtainable  from 
the  material  is  obtained.  But  it  seems  to  us  that  there  is  more 
material,  and  that  shortly  still  more  will  be  available.  The 
question  is  opened,  we  may  hope  it  will  not  be  let  drop,  and 
Prof.  Newcomb's  paper  may  serve  in  many  ways  as  a  model  to 
be  followed  in  subsequent  discussions.  F.  W.  Dyson. 


CORRESPONDENCE. 

To  the  Editors  of  *  The  Ohsei-vatory,' 

Tuttle's  Comets. 

Gentlemen, — 

May  I  crave  space  for  a  few  more  words  on  this  subject  ? 
partly  because  Prof.  Elreutz  has  kindly  written  to  me  to  point  out 
some  inadvertencies  in  my  former  letter  and  to  call  attention  to 
later  matters  about  H.  P.  Tuttle,  and  partly  because  there  is 
something  bearing  upon  it  in  Prof.  Holden's  recent  '  Memorials  ' 
of  the  Bonds. 

Prof.  Kreutz  refers  to  Ast.  Nach.  vol.  xlix.  col.  141,  by  which 
it  appears  that  Comet  VII.  1858  was  discovered  by  H.  P.  Tuttle, 
and  its  orbit  determined  by  0.  W.  Tuttle.  Comet  III.  1858 
was  also  discovered  by  H.  P.  Tuttle  on  May  2  (Ast.  Nach. 
vol.  xlviii.  col.  331,  and  the  reference,  col.  287,  which  I  gave  to  the 
former  really  refers  to  the  latter). 

Prof.  Holdeu  informs  us  that  H.  P.  Tuttle  perceived  Donati's 
Comet  (VI.  1858)  some  days  before  Donati,  but  it  was  amongst  a 
number  of  small  nebulae  (like  that  seen  by  Pons  in  1808,  which 
may  have  been  an  earlier  appearance  of  Winnecke's  Comet),  and 
before  he  was  able  to  determine  its  place  with  accuracy  news 
arrived  that  it  had  been  discovered  in  Europe.  H.  P.  Tuttle  was 
also  the  discoverer  of  two  small  planets — Maia,  No.  66,  on.  1861 
April  9,  and  Clytie,  No.  73,  on  1862  April  7.  He  was  one  of  the 
independent  discoverers  of  Comet  III.  1862,  which  he  saw  (Ast. 
Nach.  vol.  Iviii.  col.  115)  at  Harvard  College  on  July  18,  the 
same  day  on  which  it  was  also  detected  by  Thomas  Simons  at  the 
Dudley  Observatory  (Ast.  Nach.  vol.  lix.  col.  29) ;  but,  as  is 
well  known,  these  observers  were  anticipated  by  Prof.  Swift,  who 
saw  this  interesting  body  (now  known  to  be  moving  in  the  same 
orbit  with  the  Perseid  meteoroids)  at  Marathon,  Nova  Scotia,  on 
July  15. 

Shortly  after  this  H.  P.  Tuttle  removed  to  Washington,  having 
obtained  the  appointment  of  a  paymaster,  so  that  henceforward 
his  astronomical  observations  were  those  of  an  amateur.  Whether 
this  removal  is  what  Prof.  Holden  refers  to  in  the  letter  in  the 
*  Memorials,'  dated  1863  July  15,  where  we  are  told  that  circum- 
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stances,  chiefly  arising  from  the  unhappy  civil  war,  deprived  tba 
Harvard  College  Observatory  of  the  semces  of  Mr.  Tattle  and 
some  others,  or  whether  this  relates  to  C.  W.  Tuttle  (we  in  this 
country  cannot  forget  that  a  civil  war  more  than  two  centuries 
befoiv  this  deprived  English  astronomy  of  a  very  promising 
votaiy  on  a  battle-field),  I  cannot  say.  But,  remarkably  enough, 
as  H.  P.  Tuttle  was  an  independent  discoverer  of  the  comet  con- 
nected with  th«  Perseids  or  August  meteoroids,  so  was  he  after- 
wards of  that  connected  with  the  Leonids  or  mid-November 
stream.  For  he  noticed  Comet  I.  1866,  at  Washington  on 
January  5  (Ast.  Nach.  vol.  Ixvi.  col.  367),  but  Tempel  had  seen 
it  at  Marseilles  so  early  as  1865  December  19. 

The  last  we  hear  of  H.  P.  Tuttle  is  that  he  was  the  first  (on 
January  26)  to  perceive  Encke's  Comet  at  its  appearance  in  1875, 
and  was  with  Prof.  Holden  when  he  made  the  first  observation 
obtained  of  it  on  that  occasion  (Ast.  Nach.  vol.  Ixxxv.  col.  157). 
It  should  also  be  mentioned  that  he  took  part  in  the  calculations 
arranged  by  the  committee  for  the  observation  of  the  transit  of 
Venus  in  1874. 

1  am  sure  that  your  readers  will,  vith  me,  be  obliged  to 
Prof.  Krentz  for  calling  my  attention  to  some  of  the  above 
particulars  ;  and  also  think  we  should  be  glad  to  be  informed  of 
anything  further  that  is  known  respecting  the  Tuttles. 

Yours  faithfully, 
Blackheatb,  1897,  Nov.  9.  W,  T,  Lt»N. 

Gentlembk, — 

Mr.  Lynn,  in  his  interesting  reference  to  the  comets  found 
by  the  brothers  Tuttle,  says  that  it  remains  uncertain  whether  the 
discovery  of  Comet  VII.  1858  was  due  to  H.  P.  or  C.  W.  Tuttle. 
The  discovery  was  really  effected  by  H.  P.  Tuttle,  for  Mr.  W.  C. 
Bond,  writing  from  Harvard  College  Observatory,  Cambridge, 
U.S.,  to  Sir  Q.  B.  Airy,  said:  "We  have  obtained  the  following 
positions  for  a  comet  discovered  at  this  Observatory  by  Mr.  Horace 
Tuttle  on  the  evening  of  Sept.  5,  1858"  ('Monthly  Notices,' 
vol.  xviii.  p.  303). 

Three  comet«  appear  to  have  been  first  seen  by  Tuttle  in  1858; 
but  with  regard  to  the  one  catalogued  as  III.  1858,  I  have  met 
with  no  description  giving  the  initials  or  christian  name  of  the 
discoverer.  Mr.  Bond,  in  announcing  the  object  to  Mr.  Carring- 
ton,  said  :  "  Mr.  Tuttle  discovered  a  new  comet  at  this  Observatory 
on  the  evening  of  May  2nd.''  A  search  in  the  Ast.  Nach.  or 
American  scientific  publications  of  the  period  would  probably  show 
H.  P.  Tuttle  to  have  been  the  discoverer.  Chambers,  in  his 
catalogue,  gives  the  surname  Tuttle  only  for  this  discovery,  though 
he  mentions  initials  in  other  cases. 

With  reference  to  Comet  III.  1861  this  was  undoubtedly  found 
by  H.  P.  Tuttle.  The  following  list  appears  to  comprise  all  the 
cometnry  discoveries  of  the  brothers  of  this  name : — 
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No. 

Date  of  Discovery. 

Discoverer. 

Notes. 

I.  ... 

1853  March  8. 

0.  W.  Tuttle. 

Discovered     by    Seccbi, 
March  6. 

r.  ... 

1858  January  4. 

H.  P.  Tuttle. 

=Mecbain  II.  1790. 

HI.  ... 

1858  May  2. 

—  Tuttle. 

VII.  ... 

1858  September  5. 

H.  P.  Tuttle. 

III.  ... 

1861  December  28. 

H.  P.  Tuttle. 

TIT.  ... 

1862  July  18. 

F.  P.  Tuttle. 

Discovered  by  Swift,  July 
15.  Comet  of  the 
Perseids. 

H.  P.  Tuttle,  like  J.  G.  Qalle  (1839-42)  and  F.  De  Vieo 
(1844-6),  seems  to  have  been  very  successful,  for  a  short  period, 
as  a  finder  of  comets.  The  former  was  probably  the  discoverer  of 
the  pretty  bright  nebula  in  Draco  at  E.A.  18**  23",  Dec.  +74^31' 
(N.  Q.  C.  6643),  but  in  the  catalogue  the  name  Tuttle  is  given 
without  initials  to  show  which  of  the  brothers  is  meant.  I  have 
frequently  picked  up  the  object  in  question  ;  it  is  one  which  must 
be  familiar  to  everyone  who  sweeps  for  comets  in  the  northern 
sky. 

I  was  recently  interested  in  noticing  how  persistently  Prof. 
Encke  called  the  Comet  I.  181 9  **  Pons's  Comet "  (see,  for  example, 
*  Monthly  Notices,'  vol.  xviii.  pp.  306,  324,  and  326).  Though 
astronomers  had  universally  termed  it  "  Encke's  Comet,*'  and  it 
had  become  known  by  that  title  and  no  other,  he  still,  with 
characteristic  modesty,  preferred  to  distinguish  it  with  the  name 
of  the  famous  comet-hunter  of  Paris  and  Marseilles.  No  one  could, 
however,  question  the  superior  merit  of  Encke  in  ascertaining  the 
true  period  of  this  "  Mercury  of  Comets."  Moreover,  Pons  was 
but  one  discoverer  of  four,  for  Mechain  was  really  the  first  to  pick 
up  the  comet  in  1786  January;  it  was  also  discovered  by  Caroline 
Herschel  in  1795  November,  and  by  Thulis  in  1805  October.  As 
regards  discovery,  the  priority  lay  with  Mechain,  as  it  did  also  in 
the  case  of  H.  P.  Tuttle's  periodical  Comet  I.  1858,  of  which 
we  have  previously  spoken.  Yours  sincerely, 

Bristol,  1897,  Nov.  5.  W.  F.  Denning. 


On  the  Reduction  of  Observations, 

Qentlbmek, — 

In  a  letter  under  the  above  title,  published  in  your 
No.  258,  Mr.  Wads  worth — one  of  the  future  Yerkes  observers,  it 
seems— criticizes  my  measures  of  the  Companion  to  Sirius  in  a 
manner  which  I  don't  quite  understand.  He  reproaches  me  because 
I  have  given  the  result  of  my  measures  with  too  many  decimals, 
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and  bis  opinion  seems  to  be  (taken  in  consideration  the  first  part 
of  his  letter)  that  my  measures  have  no  scientific  value. 

1  am  sure  that  no  (utronomer  (for  the  pubUc  my  measures  were 
not  made)  has  deduced  from  my  use  of  three  decimals  my  pretension 
that  the  measures  are  accurate  to  o''*ooi .  My  use  of  three  decimals 
is  the  natural  consequence  of  the  determination  of  the  value  of  a 
revolution  of  our  micrometer  screw.  This  value  was  deduced  from 
ahout  400  observations  which  were  affected  with  a  mean  (not  pro- 
bable) error  of  +o''-oo24.  That  is  a  trifle,  considering  the  great ' 
number  of  observations,  and  gives  me  the  conviction  that  the  real 
value  of  B  at  a  temperature  of  +10°  C.  does  not  differ  from  the 
observed  mean  by  more  than  o''*oo24.  1  think,  therefore,  I  do 
well  in  using  several  decimals  in  my  computations,  and  in  pub- 
lishing the  results  with  three  decimals. 

Concerning  the  accuracy  of  my  measures,  let  us  compare  my 
measures  with  those  of  the  Lick  Observers.  My  six  measures 
given  in  No.  254  of  the  '  Observatory '  vary  between  s^'Sgo  and 
3''*902,  consequently  by  o'''3i2  ;  the  six  measures  of  the  Li<^ 
Observers  given  in  No.  3389  of  the  Astron.  Nachr.  vary  between 
3*- 5 7  and  4'''oo,  consequently  by  o'''43o.  The  mean  of  my 
measiu'es  is  3''*7575,  that  of  the  Lick  measures  3"''74.  The 
position-angle  of  my  measures  varies  between  188°  16'  and 
190°,  with  a  mean  of  189°  8' ;  that  of  the  Lick  measures  varies 
between  188°  18'  and  190°  6',  with  a  mean  of  189°  i6'-8.  I  think 
such  a  close  agreement  (in  so  difficult  a  matter)  between  a  36-inch 
and  a  7-inch  speaks  in  favour  of  our  **  comparatively  small  instru- 
ment "  (as  Mr.  Wadsworth  contemptibly  says). 

After  all,  I  think  that  the  small  size  of  our  instrument  is  no 
hindrance  to  obtain  accurate  results  ;  besides,  Theory  and  Practice 
are  two  different  things :  theoretically,  Mr.  Wadsworth  attributes 
to  our  7 -inch  a  resolving  power  of  o**6 ;  practically  I  resolved 
42  Comae  when  its  distance  was  but  o''*47.  Theoretically  our 
refractor  should  not  show  stars  below  13*3  mag. ;  practically  it 
showed  the  satellite  of  Neptune  (13*82  mag.),  and  sometimes  even 
those  of  Uranus,  which  are  of  i4-25-i4-4i  magnitude. 

It  may  be  mentioned  that  Dembowski  (whom  Burnham  calls 
the  greatest  measurer  of  double  stars)  made  his  unrivalled 
measures  with  a  7-inch.  Yours  faithfully, 

Lussinpiocolo,  1897,  Oct  20.  Leo  Bbennbb. 

JVinnecke^s  Comet, 

GfilTTLEMEN, — 

We  are  soon  likely  to  hear  of  the  reappearance  of  this 
comet  of  short  period  ;  and  the  fact  leads  us  to  thiuk  a  little  of  its 
first  discoverv,  the  date  of  which  is  a  little  doubtful.  That  it  was 
detected  by  Pons  on  the  12th  of  June,  181 9,  about  five  weeks 
before  its  perihelion  passage  in  that  year,  is  certain ;  but  it  appears 
not  improbable  that  the  same  astronomer  and  successful  comet- 
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discoverer  had  seen  it  more  than  eleven  years  before,  in  February 
1808.  On  the  6th  of  that  month,  about  4  o'clock  in  the  morning, 
he  noticed  a  very  small  comet  near  the  boundary  between  the 
constellations  Serpens  and  Libra,  moving  in  a  southerly  direction ; 
he  followed  it  for  three  mornings,  after  which  the  moonlight  became 
too  strong  to  see  it,  but  could  not  succeed  in  determining  its 
position  accurately,  partly  on  account  of  confusion  with  the  great 
number  of  nebulae  in  that  part  of  the  heavens.  However,  he  gave, 
in  a  letter  to  Schumacher  (Ast.  Nach.  vol.  vii.  col.  113),  a  diagram 
of  its  position  with  respect  to  two  of  these,  as  noted  on  the 
morning  of  February  9.  Oppolzer  (A.  N.  vol.  Ixxv.  col.  107) 
identified  these  nebulae  \^th  M.  12  and  M.  10,  and  taking  Pons's 
words  in  their  natural  sense,  that  the  diagram  represents  objects 
as  seen  in  a  reversing  telescope,  and  that  the  comet  was  very  near 
the  northernmost  of  the  nebulae  (M.  12),  concluded  from  his- calcu- 
lations that  this  comet  was  really  identical  with  that  which  was 
discovered  by  Pons  himself  in  18 19,  and  has,  since  its  re-discovery 
and  the  satisfactory  determination  of  its  orbit  by  Prof.  Winnecke 
in  1858,  been  known  by  that  astronomer's  name. 

Clausen  had  suggested  in  a  letter  to  Olbers  (Ast.  Xach.  vol.  x. 
col.  383)  that  this  comet  (1819  III.)  was  identical  with  1766  II., 
•  the  orbit  having  undergone  considerable  change  in  consequence  of 
perturbations  produced  by  Jupiter.  Oppolzer  alludes  to  this  in 
the  *  Sitzungsberichte  der  mathematisch-naturwissenschaftlichen 
Classe '  of  the  Vienna  Imperial  Academy  of  Sciences^  Ixii.  Band, 
ii.  Abtheilung,  p.  657,  but  says  it  was  then  (1870)  too  early  to  make 
the  comprehensive  calculation  of  the  perturbations  which  would  be 
required  to  settle  the  point,  and  I  am  not  aware  that  anyone  has 
taken  it  up  since.  Prof.  Winnecke,  alluding  to  the  conjecture  in 
1858,  remarks  (Ast.  Nach.  vol.  xlix.  col.  118)  that  the  appearance 
of  the  comet  of  1766  II.  was  very  different  from  that  of  1819 IIL 
and  1858  II. ;  but  the  perihelion  distance  of  the  first,  as  calculated 
by  Burckhardt  from  very  defective  observations,  was  only  about 
half  that  of  the  others,  and  one  cannot  say  what  effect  this  might 
have  had  upon  the  appearance  of  the  comet. 

We  are  all  familiar  with  the  history  of  Winnecke's  Comet  since 
its  re-discovery  and  the  definite  ascertainment  of  its  orbit  in  1858. 
Unfavourably  placed  at  the  return  in  1863,  it  was  next  observed 
in  1869,  when  it  was  first  seen  by  Winnecke  himself  on  the  9th  of 
April,  and  passed  its  perihelion  on  the  i  ith  of  June.  Borrelly  was 
the  first  to  see  it  in  1875,  on  ^^^  ^^^  of  February,  nearly  six  weeks 
before  its  perihelion  passage  on  the  12th  of  March  ;  on  the  24th 
of  April  in  that  year  Dr.  Julius  Schmidt  succeeded  in  perceiving 
it  at  Athens  with  the  naked  eye.  It  was  due  again  in  the  winter 
of  1880,  but  escaped  observation  owing  to  its  unfavourable  position. 
In  t886  Mr.  Finlay  detected  it  at  the  Cape  of  Good  Hope  on  the 
20th  of  August,  and  the  perihelion  passage  took  place  on  the  i6th 
of  September.     The  next  return  was  in  the  summer  of  1892,  when 
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the  comet  was  detected  by  Dr.  Spitaler  at  Vienna  on  the  iSth  of 
March  and  passed  its  perihelion  on  the  30th  of  June.  Probably 
soon  after  these  lines  are  in  type  it  will  once  more  come  into 
the  view  of  our  telescopes.  Yours  faithfully, 

Blackheath,  1897,  Not.  i.  W.  T.  Lynn. 


OBSERVATORIES. 

[Continued  from  p.  422.] 

Bbeslau. — Magnetic  and  meteorological  observations. 

Dbesden. — With  the  12-inch  Q-rubb  refractor  phenomena  of 
Jupiter's  satellites  were  observed  and  the  various  comets  whicli 
appeared  in  1896. 

DtssBLDOEF. — Ninety  observations  of  29  minor  planets  were 
made  during  the  year. 

•Geneva.— "  L'ann^e  meteorologique  qui  va  de  decembre  1B95  a 
fin  novembre  1896,  avec  1167  millimetres  d'eau  est  Tannee  la  plus 
humide  du  xix"®  si^cle  h  Geneve ! "  Observations  of  zenith- 
distance  have  been  made  to  complete  the  determination  of  the 
latitude.  It  is  noted  that  the  level  error  has  changed  o'*64  in  the 
year,  and  the  aximuth  error  i''5o.  With  the  great  equatorial 
photographs  h^ve  been  taken  of  the  Moon  and  of  Jupiter.  A 
large  number  of  chronometers  have  been  tested  during  the  year. 
To  the  meteorolog[ical  instruments  has  been  added  a  Campbell- 
Stokes  Sunshine  Recorder. 

GoTTiNGEiT. — With  the  great  heliometer  measures  of  the  equa- 
.  torial  and  polar  diameters  of  the  Sun  were  made  on  37  days ; 
distances  of  Jupiter  from  neighbouring  stars  near  the  time  of  its 
opposition  on  5  nights,  of  Saturn  on  3  nights,  and  Mars  on  5 
nights ;  the  diameter  of  Jupiter  on  two  nights  when  near  oppo- 
sition, and  on  two  nights  near  quadrature;  the  diameter  of  Mars 
on  four  nights  ;  70  Ophiuchi  nine  times ;  measures  for  the  triangu- 
lation  of  the  Clusters  h  and  )(  Persei  on  three  nights.  Comets 
Perrine-Lamp  and  Swift  were  also  observed  and  a  triangulation 
of  stars  near  the  Pole  has  been  begun.  The  small  heliometer  was 
used  for  measuring  wide  doubles"  on  43  nights.  The  meridian- 
circle  has  been  used  on  83  nights,  principally  for  lunar  and 
planetary  observations. 

Jena. — ^A  refractor  was  devoted  to  observations  of  comets  and 
small  planets.  The  transit- circle  was  only  used  for  time- 
determinations. 

Kalocsa. — The  Sun*s  limb  was  examined  for  prominences 
completely  on  164  days,  and  partially  on  30  days.  In  the  early 
part  of  the  year  the  Sun's  activity  was  very  great ;  but  there  was 
a  striking  diminution  about  August.     On  June  20  there  was  an 
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eruption  in  latitude  — 16°.  A  prominence  on  the  Bun's  Ifmb 
reached  the  hei^t  of  6'  46''.  On  Aug.  25  and  26  there  was  no 
prominence  of  more  than  30".  Drawings  of  sun-spots  vvere  made 
on  160  days.  In  conjunction  with  the  Professor  of  Physics  at 
the  *^  Lehranstalt,"  a  determination  was  made  of  the  length  of  the 
seconds  pendulum.  Incidentally  it  was  found  that  the  Observatory 
clock,  which  had  formerly  been  considered  only  second-rate,  when 
erected  on  a  firmer  pier  had  a  remarkably  constant  rate.  A 
barograph  baa  been  added  to  the  meteorological  equipment. 

Kiel. — Since  the  death  of  Dr.  Krueger  the  direction  of  this 
Observatory  has  been  temporarily  entrusted  to  Prof.  Lamp.  A 
sextant  has  been  procured  in  which  the  horizon  is  determined  by 
means  of  a  rotating  top,  and  experiments  have  been  made  mth  it 
which  show  that  it  can  be  satisfactorily  used  on  board  ship.  A 
Bepsold  measuring-machine  for  photography  has  also  been  obtained. 
Two  8-inch  object-glasses  have  been  cleaned  and  refigured.  The 
curious  discovery  of  Comet  Perrine-Lamp  was  made  in  1896 
January.  The  observations  in  the  prime  vertical  for  latitude  made 
in  1892-4  were  given  in  Ast.  Nach.  3343. 

Kiel.  Astronamische  Nachrichten. — :In  addition  to  the  work  of 
the  Centralanstalt,  a  little  progress  has  been  made  with  the 
comparison  of  the  Astron.  Gesell.  +55°  to  +65°  Decl.  (Hel- 
singfors)  with  older  catalogues^ 

KdKiGSBBBG. — At  the  Repsold  Meridian  CSrcle  observations  of 
stars  between  83^  and  85^  declination  have  been  carried  on,  as 
well  as  observations  of  the  Sun,  major  and  minor  planets.  In 
May  a  Sepsold  movable  micrometer  was  introduced  for  the 
purpose  of  eliminating  personal  equation.  The  observer  moves  a 
screw  by  hand,  keeping  the  star  on  a  wire,  while  the  head  of  the 
screw  makes  contacts  at  intervals  and  registers  on  the  chrono- 
graph. This  instrument  works  very  satisfactorily.  With  the 
heliometer,  observations  of  /3  Cygni,  6  Cygni,  S  2398,  k  Delphini, 
and  h  Persei  have  been  made  for  parallax.  Measures  of  diameters 
of  planets  have  been  made  for  comparison  with  double-image 
micrometer  measures.  Prof.  Eranx  has  completed  his  measures  of 
Struve's  stars  between  +15°  and  +30°  with  the  heliometer.  He 
has  also  measured  Lick  photographs  of  the  Moon  to  detect  any 
deviation  from  the  circular  form.  A  new  14-inGh  refractor  has 
been  added  to  the  equipment. 

Leipzig. — The  Zone  Observations  are  ready  for  press.  The 
parallaxes  of  Brad.  3077,  O.  A.  (N.)  10,603,  and  31  AquilsB  have 
been  determined.  Eesearches  are  being  made  on  the  influence  of 
atmospheric  dispersion  in  the  measures  of  distance  between  stars 
of  different  colours. 

LiTNB. — Zone  Observations  finished.  Observations  of  842  stars 
with  large  proper  motions. 

MiLAK. — ^With  the  18-inch  refaictor  483  measures  of  difficult  or 
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quick-moving  double  stars  have  been  made.  With  the  8-inch 
refractor  some  measures  have  also  been  made  for  comparison  with 
these.  The  weather  has  not  been  sufficiently  good  to  permit  of 
any  addition  to  the  observations  of  Mars  previously  made  by 
Prof.  Schiaparelli.  The  difference  of  longitude  between  Milan 
and  Crea,  a  station  halfway  between  Milan  and  Turin,  and  of 
importance  in  geodetic  triangulations.  In  this  determination  it  is 
of  interest  to  note  that  Repsold's  recording-micrometers  were  used, 
and  after  a  little  practice  made  to  work  successfully. 


PUBLICATIONS. 

Habvabd  Annals,  Vol.  XXYI.  Pabt  II. — This  volume,  re- 
cently received  from  Harvard,  is  entitled  "  Miscellaneous  Investiga- 
tions of  the  Henry  Draper  Memorial."  It  may  not  be  inexpedient 
to  quote  a  short  passage  from  the  first  chapter,  which  informs  us 
of  the  immense  scope  of  the  work  now  being  done  in  memory  of 
Dr.  Henry  Draper.  **  Photographs  have  been  taken  continuously 
for  several  years  with  four  instruments  :  the  8-inch  Draper  tele- 
scope, the  ii-inch  Draper  telescope,  tlie  8-inch  Bache  telescope, 
and  the  13- inch  Boy  den  telescope.  The  first  and  second  of  these 
instruments  are  mounted  at  Cambridge,  the  third  and  fourth  at 

Arequipa,   Peru All  of  the   principal  investigations   are 

planned  to  cover  the  entire  sky,  the  northern  photographs  being 
taken  at  Cambridge,  the  southern  at  Arequipa."  The  investiga- 
tions referred  to  are  either  photographic  or  spectro-photographic, 
for  all  of  the  telescopes  are  provided  with  prisms  which  may  be 
placed  in  front  of  the  object-glasses,  so  that  the  instruments  may 
be  used  for  spectroscopy  if  it  is  so  desired. 

It  was  originally  intended  that  this  part  of  the  volume  should 
have  contained  a  discussion  of  the  photographs  taken  with  the 
8-inch  Draper  instrument ;  but  as  the  number  of  the  photographs 
taken  with  that  telescope  is  so  large — about  2000  a  year  are  taken 
with  each  instrument-— it  was  not  foimd  advisable  to  follow  out 
this  plan,  so  that  this  part  contains  some  comparatively  short 
investigations  as  illustration  of  recent  work  done  at  Arequipa. 

To  mention  the  pictures  first.  There  are  some  magnificent 
photographs  of  star-groups,  the  Southern  Cross,  the  Milky  Way  in 
Sagittarius,  the  vicinity  of  17  CarinsB,  w  Normae,  and  others,  all  on 
plates  covering  a  square  of  10^  side,  and  some  photographs  of  the 
spectrum  of  the  variable  Nova  NormsB.  These  photographs  of 
star-groups  have  been  discussed  in  a  most  interesting  way ;  the 
plates  have  been  divided  up  by  a  network  of  squares,  the  number 
of  stars  in  each  square  counted,  and  these  numbers  tabulated  with 
the  distance  from  the  centre  of  the  star-group  as  argument.  The 
main  result  appears  to  be,  from  data  furnished  by  w  Centauri, 
47  TucansB,  and  Messier  13,  that  the  rate  of  decrease  of  density  of 
the  stars  as  the  distance  from  the  centre  increases  is  the  same  for 
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all  clusters,  and  an  empirical  curve  is  deduced  wibh  which  the 
original  data  are  in  close  accordance.  Prof.  Pickering  says : — "  If 
it  can  be  shown  that  the  law  here  derived  applies  to  the  so-called 
globular  clusters  in  general,  much  light  will  be  thrown  on  the 
formation  of  these  bodies.  It  may  be  safely  assumed  that  their 
form  is  spherical,  since  they  appear  nearly  circular  in  whatever 
part  of  the  sky  they  are  seen.  The  increasing  density  as  we 
approach  the  centre  is  real,  and  not  due  to. the  greater  distance 
traversed  by  the  light  within  the  cluster." 

Another  section  of  the  book  is  devoted  to.  the  "  measurement  of 
position,"  of  which  no  more  need  be  said  than  that  the  Harvard 
College  plates  are  intentionally  not  measured  with  more  accuracy 
than  will  give  the  nearest  minute  of  arc,  or  tenth  of  a  minute  of 
time,  and  that  these  places  are  found  by  measuring  with  a  reticule 
with  respect  to  standard  stars.  Another  to  the  "  measurements  of 
brightness,"  which  may  be  summed  up  briefly  by  saying  that  a 
star's  magnitude  is  determined  by  comparing  the  size  of  its  image 
with  that  of  comparison  stars,  a  scale  of  brightness  for  which  is 
assumed,  based  on  the  magnitudes  given  by  Argelander.  There  is 
a  further  chapter  on  the  spectra  of  the  stars  in  the  clusters,  which 
we  may  speak  of  in  detail  on  a  future  occasion. 

Many  details  of  the  branches  of  work  referred  to  above  are 
given  in  the  volume,  which  are  instructive,  and  which  we  should, 
if  space  permitted,  have  liked  to  have  given  more  fully.  There 
is  one  useful  hint  which  perhaps  deserves  mention  when  so 
many  persons  are  seeking  accurate  methods  of  driving  photo- 
graphic equatorials,  namely  this  : — Prof.  Bailey,  at  Arequi pa,  found 
niuch  difficulty  in  getting  circular  ilnages  when  he  used  a  finder 
telescope  as  a  guider.  He  assumed  this  to  be  due  to  unequal 
flexure  of  the  telescope  tubes,  and  remedied  it  by  fixing  an  eye- 
piece beside  the  photographic  plate,  and  used  the  photographic 
telescope  itself  as  the  guider. 


NOTES. 

Comet  Notes. — *  Comptes  Eendus '  for  Oct.  26  contains  some 
interesting  observations  of  the  physical  appearance  of  Perrine's 
Comet  of  Oct.  16. 

On  Oct.  18  the  coma  was  12"  in  diameter,  with  a  minute  stellar 
nucleus  and  a  tail  i'  in  length.*  On  Oct.  21  the  coma  was  30"  in 
diameter,  and  there  was  a  distinct  nucleus  of  the  12th  magnitude. 
The  tail  was  conspicuous  and  straight,  about  2'  in  length,  in 
position -angle  199°. 

After  this  the  coma  became  much  more  ill-defined,  though  the 
tail  seems  to  have  persisted  without  much  alteration ;  its  position* 
angle  diminished  about  6'*  daily,  being  174°  on  Oct.  25. 
'    On  Oct.  28  the  comet  had  become  notably  fainter,  and  the 
nucleus  very  difficult  to  see;  the  direction  of  the  tail  was  143°. 


400  Noie9.  [No.  360. 

No  observBtions  of  the  comet  during  Nofmber  are  jet  to  hand ; 
it  is  probably  now  very  hunt. 

Ast.  Journ.  No.  418  (Supplement)  contains  the  following 
elements,  deduced  by  M.  Perrine  from  Mount  Hamilton  observa- 
tions of  Oct.  16,  24,  31  :— 
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Brightness  on  Dec.  3 1  0*43  of  that  at  discovery.     A.  C  D.  C. 


Minor  Pla-nit  Notes. — A  new  planet,  DK,  was  discovered  by 
Herr  Villiger,  of  Munich,  on  Nov.  19.  This  is  the  fourth  dis- 
covery during  the  present  year.  A.  C.  D.  C. 


Oir  THE  Sfbctba  of  the  Golouabd  GoMPONBirrs  of  Doubli 
Stars.— The  following  is  the  translation  of  part  of  an  article  by 
Sir  William  Huggins  in  *  Comptes  Bendus '  for  1897,  October  1 1 : — 
"  By  a  new  arrangement  of  my  slit,  I  have  been  able  to  photo- 
graph separately  the  spectra  of  the  components  of  some  double 
stars.  In  view  of  the  probable  evolution  of  double  stars  by  the 
division  into  two  of  the  primitive  mass  great  interest  is  attached 
to  the  determination  of  the  relative  phase  of  the  evolutional 
period  in  which  each  component  is  found.  One  can  thus  compare 
double  systems  as  individuals  or  the  relative  progress  of  the  com- 
ponents of  the  single  system. 

"In  1864  I  showed  by  spectroscopic  observations  of  the  com- 
ponents of  a  Herculis  and  /J  Cygni  that  the  pronounced  colours 
of  these  stars  are  real,  although  enhanced  to  the  eye  by  the  effect 
of  contrast,  and  that  the  explanation  of  these  colours  is  furnished 
by  examination  of  their  spectra. 

"  Becent  observations  of  the  components  of  12  Canum  Yen.  show 
spectra  which  are  in  both  cases  very  little  advanced  in  spectral 
order  beyond  those  of  white  stars ;  but  the  small  star  is  a  little 
more  advanced  than  the  principal  star.  One  may  conclude,  then, 
that  the  pair  was  formed  relatively  late,  and  that  it  is  younger 
than  the  system  of  y  Leonis,  the  two  components  of  which  give 
spectra  nearly  as  advanced  as  that  of  the  Sun.     One  must  uot^ 
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however,  rely  too  much  on  each  a  deductioD,  whilst  oi3e  ignores 
the  masses  of  the  two  systems,  for  it  must  he  granted  tbat  a  star 
of  smaller  mass  would  pass  more  rapidly  through  the  successive 
stages  of  stellar  life. 

"  Let  us  look  at  the  components  of  a  single  system.  A  beautiful 
example  is  presented  in  /3  Cygni,  of  which  the  components  have 
well-contrasted  colours ;  the  principal  star  shines  with  a  golden 
yellow,  whilst  the  other  shows  a  pronounced  blue  tint.  Upon  the 
negatives  the  spectra  are  well  contrasted,  but  the  spectrum  of 
the  fainter  star,  which  is  of  the  fifth  magnitude  only,  is  of  the 
first  type,  as  that  of  white  stars  which  we  consider  young,  whilst 
the  spectrum  of  the  principal  star  of  the  third  magnitude  is  very 
far  advanced  towards  the  condition  of  our  Sun,  but  the  dark  K 
line  is  still  a  little  smaller  than  H. 

"  How  can  we  explain  this  anomaly  ?  It  should  not  be  for- 
gotten that  besides  the  fundamental  conditions  of  magnitude  and 
temperature,  the  light  of  a  star  may  be  much  modified  by  the 
nature  and  state  of  the  bodies  from  which  the  light  is  emitted,  and 
by  the  constitution  and  extent  of  absorbing  atmosphere  which  it  has 
traversed.  It  is  possible,  then,  notwithstanding  the  apparent 
chemical  constitution  of  two  stars,  that  the  bright  star  may  not 
be  the  greater,  and  that  one  may  take  the  relatively  less  advanced 
condition  of  the  faint  component  as  an  index  of  a  larger  mass." 

The  Vabiablb  Stab  ij  AQurL^G. — ri  AquilaB  is  a  star  whose 
brightness  varies  between  the  limits  3*5  and  4*7  mag.  in  a  period 
of  7**  4\  the  maximum  occurring  2**  6^  after  the  minimum. 
M.  Belopolsky,  of  Poulkova,  has  for  some  years  past  had  the 
star  under  observation  with  the  spectroscope  to  determine  its 
velocity  in  the  line  of  sight.  He  has  recently  published  his 
conclusion  (Mem.  del.  Soc.  d.  Spett.  Ital.  1897,  ^^^t  7)  that  the 
change  of  velocity  in  the  line  of  sight  can  be  accounted  for  on  the 
supposition  of  revolution  in  an  orbit  in  a  period  of  7**  4** ;  but  this 
orbit  gives  times  of  eclipse  of  one  component  by  the  other,  which 
are  inconsistent  with  the  observations  of  light  variation  of  the 
star,  and  as  the  author  says,  we  must  look  for  some  other  cause 
which  will  harmonize  the  two  kinds  of  observations.  It  is  remark- 
able that  M.  Belopolsky  found  a  similar  want  of  harmony  between 
the  variation  of  velocity  and  of  light  in  the  case  of  d  Cephei,  and 
promises  some  more  information  on  the  same  subject  relative  to 
\  Aquilae. 

Dr.  W.  J.  S.  Lockyer  has  also  recently  been  discussing  the 
observations  of  this  star.  From  an  examination  of  a  large 
quantity  of  observations  of  its  light  variation  he  deduces  a  similar 
mean  period  and  time  of  maximum  to  that  mentioned  above,  and 
also  concludes  that  the  epoch  of  maximum  oscillates  to  and  fro  to 
an  extent  of  five  hours  on  either  side  in  400  periods  :  -the  inves- 
tigation further  shows  four  secondary  fluctuations  recurring  at 
intervals  of  43  hours,  which  the  author,  with  some  boldness, 
ascribes  to  the  existence  of  periodic  meteor-swarms,  in  accordance 
with  his  father's  *'  Meteoritic  Hypothesis.'* 
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The  Noyembeb  Metbobs. — Supplementary  to  the  obsenrations 
of  the  Leonid  meteors  recorded  by  Mr.  Denning  in  the  article  in 
*  Nature '  which  we  have  reprinted  on  page  447,  we  are  pleased 
to  be  able  to  publish  the  following  record  kindly  communicated  by 
Prof.  Doubiago,  of  the  Kasan  Observatory  : — "  The  observation  of 
the  Leonids  this  year  at  Kasan  has  badly  failed.  Between 
November  7  until  November  20  we  had  only  a  short  clear  interval 
on  the  14th  and  a  clear  night  on  the  17th.  In  the  clear  region 
around  Leo  on  Nov.  14  from  13**  until  14I**  (Kasan  M.T.)  there 
were  no  shooting-stars  save  one  luminous  meteor,  w^bich  was 
observed  through  the  clouds  a  few  minutes  before  13^  On  the 
14th  between  11**  50°*  and  13**  50™  (Kasan  M.T.)  five  observers 
counted  only  28  shooting-stars  over  the  whole  sky,  and  not  one  of 
these  belong(^d  to  the  Leonid  stream.  The  Moon  and  some 
clouds  hindered  the  observations." 

At  Greenwich  on  the  night  of  November  13-14,  which  was 
exceptionally  fine  and  bright,  the  Leonids  were  watched  for  by  three 
observers  (Messrs.  Edney,  Beadle,  and  Davies),  and  fourteen  only 
were  seen  in  the  course  of  a  four  hours'  watch,  of  which  six  appeared 
to  be  conformable  to  the  Leonid  radiant.  Although,  on  account 
of  the  unfavourable  position  (in  Gemini)  and  great  brilliancy  of 
the  Moou,  only  meteors  of  the  larger  class  could  be  seen,  and 
further,  that  the  watch  was  interrupted  for  about  an  hour  and  a 
half  by  cloud,  it  will  yet  be  apparent  that  the  display  was  of  a 
poor  character.  Other  nights  when  Leonids  might  have  been 
expected  were  cloudy. 

The  Andromedes  were  watched  for  ;  but  the  period  was 
generally  cloudy.  On  the  evening  of  November  25,  in  a  partially 
clear  sky,  Mr.  Marchant  observed  six  meteors,  three  of  which 
were  Andromedes. 


Spectrum  or  a  Meteoe. — In  a  recent  Harvard  College  Circular 
(No.  20),  Prof.  Pickering  announces  that  a  meteor  on  1897 
June  18  accidentally  left  its  spectrum  photographed  on  a  plate 
exposed  in  the  8-inch  Bache  telescope  at  Arequipa.  The  spectrum 
consists  of  six  bright  lines,  whose  intensity  varies  in  different 
parts  of  the  photograph,  thereby  showing  that  the  light  of  the 
meteor  changed  as  its  image  passed  across  the  plate.  The 
approximate  wave-lengths  of  these  lines  are  3954,  4121,  4195, 
4344,  4636,  and  4857.  Comparison  of  these  lines  with  those 
in  tlie  spectra  of  certain  stars  show  an  important  resemblance  be- 
tween meteors  and  stars  having  bright  lines  in  their  spectra. 

In  the  *  Astronomical  Journal,*  No.  417,  we  have  an  energetic 
protest  from  Mr.  Innes  against  delay  in  the  publication  of  lists  of 
new  double  stars.  Here  is  his  complaint : — "  In  the  Harvard 
Circular,  No.  18,  of  29  July  last,  Prof.  Pickering  calls  attention  to 
a  list  of  double  stars  found  at  Arequipa  with  the  13-inch  refractor 
six  years  ago.     I  desire  to  record  a  respectful  protest  against  the 
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belated  publication  of  a  list  of  double  stars  in  such  a  form.  Many 
observers,  myself  included,  have  been  devoting  their  time  to  a 
search  for  southern  doubles,  and  we  are  suddenly  confronted  with 
a  list  of  blank  numbers  published  without  particulars  as  to  distance^ 
angle,  or  magnitude  of  the  companion  beyond  the  genei-al  state- 
ment that  the  principal  star  is  of  the  sixth  magnitude  or  brighter, 
and  that  the  distance  is  under  30",  and  that  those  stars  found  in 
the  Catalogues  of  Herschel  and  Eussell  have  been  excluded.  Such 
vague  statements  are  very  apt  to  be  misleading,  and  are,  as  a 
matter  of  fact,  inaccurate  in  particular  instances.*' 

Mr.  Innes  then  takes  the  Harvard  List  and  points  out  which 
are  new  and  also  who  discovered  the  others.  This,  of  course, 
would  otherwise  only  be  known  to  those  who  keep  such  catalogues. 
But  to  our  mind  the  chief  point  is  in  the  side  issues,  where 
Mr.  Innes  remarks  that  he  has  not  taken  any  notice  of  paira  over 
15"  apart. 

"We  have  before  drawn  attention  to  our  already  swollen  lists 
and  pointed  out  the  uselessness  of  adding  to  their  number  by 
including  very  wide  pairs. 

It  would  not  be  a  difficult  matter  to  make  an  imposing  list  in  a. 
single  night  of  pairs  where  the  separation  was  10"  to  20". 

New  Obsebvatoeies. — M.  A^ictor  Nielsen,  the  well-known 
amateur  astronomer  of  Copenhagen,  has  just  built  himself  ain 
observatory  as  an  adjunct  to  his  new  Villa  "  Urania.*'  The 
equatorial  now  being  constructed  by  Messrs.  Cooke  &  Sons,  of 
York,  to  their  standard  pattern,  is  to  have  an  object-glass  of  10 
inches  aperture  of  the  Gauss  type,  which  will  be  the  first  large 
objective  from  Dr.  Max  Pauly,  the  head  of  the  new  astronomical 
optical  department  of  the  celebrated  Zeiss  works  at  Jena 
(ThUringen).  M.  Nielsen  proposes  to  continue  his  old  work  of 
making  maps  of  the  Moon  on  a  large  scale,  partly  based  on  the 
Lick  negatives.  He  will  also  take  photographs  by  the  aid  of  a 
doublet  magnifier  adapted  to  his  equatorial,  and,  in  conjunction 
with  Prof.  Dr.  Hartwig,  the  Director  of  the  Bamberg  Observatory, 
will  observe  variable  stars. 

We  also  hear  that  Dr.  M.  Seligmann  has  recently  established  a 
new  Observatory  at  Middelfart.  His  instrument  has  a  6 •4-inch 
objective  by  Eeinf elder,  of  Munich.  The  mounting  and  clock-work 
of  this  is  also  by  Messrs.  T.  Cooke  &  Sons. 


Pbof.  Schaebeele  last  measured  the  companion  of  Procyon  on 
Oct.  8.     The  measures  thus  stand  : — 

1896  Nov.  13. . . .     3t8°-8     4"*59 

1897  Oct*     8. .  . .     324  •!     4  70 

Mb.  Lynn  informs  us  that  Prof.  Kreutz  has  written  to  him  iu 
reference  to  his  letter  in  our  October  number  on  Miss  Herschel's 
comets,  that  Mechain,  speaking  of  his  discovery  .of  Comet  1792  IL 
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on  the  loth  of  January,  1793,  said  (*  Beriiner  Ast.  Jahrbuch '  for 
1797,  p.  136)  that  he  had  been  anticipated  by  Miss  Herschel,  who 
had  perceived  the  comet  "einige  Tage  zuvor."  There  does  not 
appear,  however,  to  exist  any  record  of  this,  and  as  Gregory  dis- 
covered the  comet  in  question  on  January  8,  1793  (see  Mr.  Lynn's 
letter  in  our  volume  for  1892,  p.  317),  it  is  probable  that  Mechain, 
having  heard  that  the  comet  had  been  discovered  in  England, 
erroneously  supposed  that  this  was  by  Miss  Herschel.  It  seems 
incredible  that,  if  she  had  really  done  so,  Maskelyne  should  not 
have  heard  of  it  when  he  communicated  Q-regory's  letters  to  the 
Royal  Society. 

It  is  announced  that  Prof.  H.  S.  Pritchett,  of  Washington 
University,  St.  Louis,  Missouri,  has  been  appointed  Super- 
intendent of  the  U.S.  Coast  and  Q-eodetic  Survey.  Prof.  Pritchett, 
who  is  the  son  of  the  Director  of  the  Morrison  Observatory, 
formerly  worked  at  the  U.S.  Naval  Observatory  under  Asaph 
Ilall,  and  has  had  considerable  experience  in  longitude  work. 

Tub  nearest  view  of  another  planet,  a  small  one  it  is  true,  but 
large  as  such  things  go,  is  now  to  be  had  in  New  York,  where 
Lieut.  Peary  has  landed  the  huge  lump  of  metal,  70  to  90  tons  in 
weight,  which  is  most  likely  a  meteorite.  This  was  reported  by 
Sir  J.  Ross  as  long  ago  as  18 18,  but  was  only  located  by  Peary  in 
his  arctic  explorations  about  three  years  ago. 

The  Sheepshanks  Exhibition  at  Cambridge  has  been  awarded  to 
Messrs.  Martin-Jones  and  Pocock,  of  Trinity  College.  Prof. 
Turner  and  Mr.*F.  W.  Dyson  were  the  examiners. 

The  Oxford  Note-Book  will  be  continued  in  subsequent 
numbers  notwithstanding  the  announcement  made  below. 


EDITORIAL. 

At  the  request  of  my  brother-editors  I  announce  the  feict  that 
after  this  number  my  name  will  disappear  from  the  cover.  It 
ought  to  have  done  so  long  ago,  for  the  management  of  the  maga- 
zine has  been  left  entirely  to  them  for  some  years ;  but  their  great 
amiability  has  always  deprecated  any  change.  '*  We  are  going  along 
all  right,  why  make  any  alteration  ?  "  has  been  their  position.  In 
justice  to  them,  however,  I  have  at  last  had  to  insist  that  those 
who  do  the  work  should  get  the  credit.  There  is  a  good  deal  of 
work  in  editing  this  magazine,  as  past  and  present  Editors  know. 
That  it  is  work  which  we  all  enjoy  on  the  whole  does  not  prevent 
its  being  a  care  and  a  burden  at  times  ;  and  it  is  time  that  it  was 
made  known  that  for  some  years  past  the  care  and  burden  have 
rested  (where  they  will  rest,  I  hope,  far  into  the  future,  though 
the  form  of  the  wish  is  open  to  criticism)  on  the  shoulders  of 
Messrs.  HoUis  and  Lewis. 
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In  leaving  the  Editorial  Chair  after  lo  years'  occupation  of  it,  I 
may  perhaps  say  a  word  or  two  as  to  the  position  of  the  Magazine. 
It  was  founded  by  the  present  Astronomer  Eo3^al  in  1877  ;  was 
taken  over  by  Mr.  Maunder  in  1882,  with  whom  in  1885  Messrs. 
Downing  and  Lewis  associated  themselves.  Dr.  Common  and 
myself  became  Editors  in  1888,  and  when  I  left  Greenwich  for 
Oxford  at  the  end  of  1893  the  Editorship  passed  into  the  hands 
of  Messrs.  Hollis  and  Lewis.  During  all  these  years  the  Maga- 
zine has  just  about  paid  its  way.  At  one  time  the  business 
ability  of  Mr.  J.  Power  (now  at  the  Cape  Observatory),  who 
took  a  share  in  the  business  management,  seemed  to  promise 
a  slight  margin  of  profit:  but  taking  one  year  with  another 
the  promise  was  not  maintained.  The  various  Editors  have 
at  times  anxiously  discussed  whether  they  could  afford  to  spend 
more  in  illustrations,  such  as  some  of  their  subsidized  com- 
petitors in  America  can  ofPer  to  their  readers ;  but  the  amount 
available  for  such  a  purpose  has  always  fallen  short  of  their 
hopes.  Perhaps  the  above-quoted  motto  of  the  future  Editors 
is  a  good  one:  let  well  alone.  The  magazine,  we  hope,  has  a 
distinct  place  in  astronomical  literature,  and  under  present  cir- 
cumstances it  does  not  seem  easy  to  do  more  than  is  being  done. 
But  our  readers  may  like  to  know  that  when  there  is  money  for  a 
"  picture  ''  they  get  one  ;  and  thus  there  would  be  more  pictures 
if  there  were  more  subscribers.  H.  H.  Tueneb. 


From  an  Oxford  Note-Book. 

The  Leonid  meteors  have  fallen,  but  fallen  below  expectation ; 
and  some  of  us  are  probably  saying  (in  good  Irish)  that  '*  we 
always  thought  they  would."  The  daily  press  has  shown  an 
intelligent  interest  in  the  matter,  but  there  have  been  some  notable 
lapses  from  accuracy ;  as,  tor  instance,  in  the  '  Daily  Telegraph  ' 
of  November  11.  This  particular  notice  seems  to  be  the  result  of 
an  interview  with  "  Sir  Norman  Lockyer  and  his  son  Dr.  W.  J.  S. 
Lockyer,"  for  these  are  the  only  names  which  occur  in  it,  and 
they  occur  more  than  once.  The  old  firm  with  the  new  partner 
and  titles  is  apparently  bidding  for  the  monopoly  of  meteors  in 
addition  to  the  corona.  Those  who  have  themselves  suffered  from 
the  interviewer  will  forgive  a  good  deal  to  an  unfortunate  inter- 
viewee. Thus  the  spelling  "  Temple,*'  the  date  1833  for  his  comet 
instead  of  1866,  the  inaccuracy  of  the  prediction  of  its  return — 
these  one  can  overlook  as  the  fault  of  the  interviewer.  But  it  is 
difficult  not  to  resent  such  advertisement  of  quite  the  wrong  names 
in  an  article  about  meteor  observation.  And  where  is  the  humour 
in  the  first,  and  the  sense  in  the  fecond,  of  the  following  sen- 
tences ? 

(i)  As  Dr.  Lockyer  has  humorously  observed:  *'  One  would  like  to  get  into 
ft  meteor  swarm  to  see  what  it  is  really  made  of." 

(2)  In  Mexico  fixed  observations  have  yielded  meteors  only  ;  and  by  1899  a 
VOL.  XX.  2o 
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fimilar  product  maj,  perhaps,  result  in  this  ooimirj,  though  the  phenomena 
may,  of  course,  not  be  so  Tirid. 


Me.  W.  F.  Denning  kindlj  sends  me  the  following  note : — 

There  apnea rs  to  hare  been  a  pretty  brisk  return  of  the  Leonids  on  the 
morning  of  Sovember  15.  At  Loughborough  the  sky  was  clear  between  4.30 
and  6  am.,  and  among  other  meteors  seen  by  Mr.  Truerann  Tucker,  F.G-.S^ 
were  five  very  brilliant  ones.  One  at  5.25  A.11.  wast  suflSciently  luminous  to 
throw  the  onserver's  shadow  on  the  ground  in  spite  of  the  moonlight.  At 
Dumfries,  about  5  a.m.,  two  young  bakers  were  going  to  work  and  express 
themseWes  as  startled  by  the  number  of  bright  meteors  visible.  They  esti- 
mated the  rate  as  10  per  minute^  but  this  is  probably  far  in  excess  of  the  truth. 
It  is  a  pity  the  weather  was  so  overcast  on  the  morning  of  the  15th  in  the  S. 
of  England. 


Extract  from  the  *  Natal  Mercury'  of  1897  October  22  : — 

Dr.  McClean,  donor  at  a  cost  of  jC  14,000  of  a  telescope  to  be  erected  at  the 
Cape  Observatory,  has  been  entertained  at  dinner  by  the  Governor,  the  party 
including  nearly  all  the  men  of  light  and  leading  in  the  Peninsula.  Dr.  McClean 
arrived  at  the  Cape  in  May,  and  has  since  devoted  himself  at  the  Observatory 
to  completing  his  great  spcctro&co]iic  survey,  begun  at  his  private  observatory 
near  'J'unbridge  Wells.  Hia  work  here  is  now  oomp1et«Kl,  and  he  sails  on 
Wednesday  next.  The  telescope,  which  is  the  handiwork  of  Sir  Howard 
Grubb,  Dublin,  is  ready  for  shipment. 

The  news  of  this  entertainment,  of  which  Dr.  Gill  has  also 
kindly  sent  me  full  particulars,  is  mo«»t  pleasing  in  many  ways. 
It  appears  that  the  project  originated  unofficially  with  some  of 
Dr.  Gill's  friends  ;  but  Sir  Alfred  Milner,  hearing  of  it,  wished  to 
give  the  dinner  himself,  and  invited  the  party  to  Government 
House.  It  was  a  kindly  and  significant  act,  and  strengthens  one's 
conviction  that  the  right  man  has  been  put  in  the  right  place. 
[This  being  an  Oxford  Note-Book  I  may  perhaps  remark  that  Sir 
Alfred  Milner  is  an  actual  Fellow  of  New  College,  and"  the  news 
of  this  courtesy  to  science  was  received  in  the  College  with  special 
pleasure.]  It  must  have  been  a  great  disapj)ointment  to  Mr. 
McClean  not  to  see  his  gift  erected  at  the  Capo  Observatory,  as 
he  seemed  to  have  every  right  to  expect,  before  he  started.  But 
he  has  at  least  accomplished  the  work  which  he  went  to  do. 
[^Later. — I  have  just  heard  (Nov.  15)  of  Mr.  McClean's  safe 
return ;  he  had  bod  weather  the  last  two  months  of  his  stay,  but 
in  spite  of  that  had  managed  to  complete  the  survey.] 


The  late  Director  of  the  Lick  Observatory  is  apparently  not  to 
be  allowed  to  retire  in  peace ;  and  it  one-half  of  the  accusations 
made  against  him  are  true,  one  must  admit  that  he  deserves  little 
sympathy.  Professor  Colton  has  "  preferred  a  list  of  charges 
against  him  "  of  which  the  following  head-lines  give  a  picturesque 
idea.  They  are  taken  from  the  'San  Francisco  Chronicle'  of 
October  20 : — 

Terrific  roast  for  Czar  of  the  Mountain. 

FORMAL  ACCUSATION  IN  HOLDEN's  CASE  PILED. — THIRTEEN  CHARGES  AND  SPECIFI- 
CATIONS TWO  SCORE. — COLTON  TELLS  A  LONG  STORY  OF  OBSERVATORY  WOES. — 
FROU  DEAD  RATS  IN  THE  RESERVOIR  TO  SCIENTIFIC  FAKING  THE  PROFESSOR'S 
INDICTMENT  RANGES. 
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The  head-lines  are  followed  by  a  long  enough  "  story  of  observatory 
woes."  It  is  alleged  that  the  pollution  of  the  water  by  dead  rats 
was  deliberately  suppressed  and  the  water  allowed  to  be  drunk. 
As  regards  the  "  scientific  faking  "  the  following  instance  is  repre- 
sentative of  several  quoted : — 

In  the  year  1892  it  was  announced  that  a  large  quantity  of  dynamite  would 
be  exploded  in  the  Bay  of  San  Francisco,  at  a  certain  hour  on  a  certain  day. 
Dr.  E.  S.  Hoklen  adopted  measures  to  ascertain  the  effect  of  the  explosion  at 
Mount  Hamilton.  None  of  the  astronomers  except  Dr.  Holden  observed  any 
motion.  Dr.  Holden,  however,  observed  a  distinct  motion  of  the  Earth  coin- 
cident with  the  hour  fixed  for  the  explosion.  He  wrote  an  account  of  his 
observations  and  conr'lusions  to  the  newspapers  in  San  Francisco,  and  sent  the 
same  by  a  messenger  to  be  posted  in  San  Jose.  He  learned  from  the  newspapers 
however,  that  the  explosion  had  not  taken  place  at  the  hour  fixed,  and  he  there- 
upon sent  a  messenger  in  hast«  to  overtake  the  bearer  of  the  communication  to 
the  newspapers ;  and  the  observatory  escaped  ridicule  by  a  narrow  margin. 


In  a  Common  Room  at  Oxford,  where  a  betting-book  was  kept 
in  days  gone  by — now  preserved  in  the  archives — I  was  asked  the 
other  day  whether  "  Encke's  Comet  had  ever  come  back."  The 
questioner  in  glancing  through  the  book  had  seen  an  entry  which, 
so  far  as  he  remembered,  was  a  bet  against  the  return  of  Encke's 
Comet  within  some  thousand  years  or  so.  It  was,  of  course, 
possible  that  the  comet  was  not  rightly  identified,  and  he  kindly 
looked  through  the  book  to  "  verify  the  reference."  Sure  enough 
there  was  a  slip  of  memory.  The  bet,  made  in  1858,  stands  as 
follows :  "  Two  shillings  to  one  that  Donati's  Comet  will  not 
reappear  within  3000  years."  lb  was  doubtless  a  cynical  comment 
on  the  announcement  of  the  calculated  period  (2000  years).  If 
the  stakes  were  put  out  at  compound  interest  they  ought  to  amount 
to  a  p:ood  round  sum  when  the  3000  years  is  up,  in  spite  of  future 
Mr.  Goschens;  say  a  sum  requiring  30  or  40  figures  to  express  it. 


Taeking  of  the  return  of  comets  reminds  me  that  there  is  a 
sensational  astronomical  story  in  one  of  the  Christmas  numbers  *, 
w^hich  is  a  fine  example  of  how  a  few  facts  can  be  twisted  out  of 
shape  in  the  domain  of  fiction.  Emerson  G.  Crellin,  an  American 
millionaire,  locates  on  the  Surrey  Hills  "  the  immortal  Crellin 
Eeflector  wdth  its  sixty-four  inch  object-glass,"  and  offers  *'  the 
seductive  prospect  of  becoming  chief  of  the  Crellin  Observatory  at 
an  almost  dazzling  salary,  and  liaving  the  finest  telescope  in  the 
world  absolutely  at  his  disposal,"  to  Arthur  Lennox,  a  man  still  in 
the  early  thirties,  who  had  not  only  been  Gold  Medallist  at  London 
and  Senior  Wrangler  at  Cambridge,  but  "  had  so  far  distinguished 
himself  in  original  astronomical  research  that  he  had  gone  straight 
from  Cambridge  to  Greeuw^ich  and  had  made  himself  one  of  the 
most  distinguished  of  the  Astronomer  Eoyal's  assistants."  All 
this  sounds  fairly  right  except  the  dazzling  salary.  The  American 
millionaire,  however  keen  on  having  the  largest  telescope  on  Earth, 
seems  to  have  little  or  no  ambition  in  respect  of  the  salaries  of  his 
assistants.  But  let  that  pass.  Wit  h  this  "  reflector  "  Mr.  A.  Lennox 
*  *  Pearson's  Weekly ' :  "  The  Great  Crellin  Comet." 
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Nbtet. 


[No.aBO. 


diuovLTs  a  comet'  '*  ■wimming  in  apsiw  far  outside  the  confines  of 
all  known  ny-iU-ins,"  and  with  unusual  reserve  kept  "  the  discoverr 
a  secret  until  all  the  eali-ulalions  of  its  orbit  had  been  completed. 
Tliiit  i-ouduct  affonU  Kuch  a  contrast  to  the  usual  telegraphic  Kuttia 
for  jnvci-deiicf  that  one  feels  qnite  aerioualy  tempted  to  regard  it 
«S  commi-ndu  ble.  But  let  it  puss.  When  the  calcuhtiona  are 
completed  lie  tinds  that  the  comet  ia  going  to  hit  the  £arth 
"  precisely  thirteen  months  from  today,"  with  such  Tiolence  as  to 
make  an  end  of  it  ir)  one  of  two  nara.  This  newa  is  disclosed  to, 
and  verified  by,  an  alarmed  norld.  Even  this  we  may  let  pus. 
But  now  comes  the  no^'eIly  (which  is  not  even  wholly  a  noveltj 
aft«r  all ;  for  has  not  Julea  Verne  shot  the  Moon  previonsly  ?)  in 
the  suggestion  of  how  to  avert  the  impending  disaster.  The  comet 
is  to  be  shut  at  and  knocked  into  smithereens  before  it  hits  the 
Earth,  and  this  ingmiious  scheme  is  nctuolly  carried  out  with  a 
margin  tor  failure  which  makes  one  absolutely  breathless.  When 
the  nucleus  !■<  hit,  it  is  only  loo  miles  from  the  Earth,  nnd  as  the 
projectile  itself  only  left  the  Earth  lo  seconds  previously,  the 
threateni'd  collision  must  have  been  so  imminent  as  to  instify  us 
in  regarding  the  escape  as  a  "  near  thing  "  ;  and  it  is  difficult  to 
see  how  there  would  have  been  room  for  the  Americans  to  fire  the 
other  barrel,  as  proposed  in  the  story,  if  the  first  had  missed.  An 
a  reward  for  this  brilliant  achievement  Arthur  Lennox  receives 
the  daughter  of  the  millionaire  in  marriage,  and  a  telegram  from 
AmericA  including  the  words  "  America  thanks  you.  Any  terma 
you  like  for  lectures." 

"  Hard  cask  No.  10034.     B  and  C  ask  A  whether  he  objects  to 
having  his  portrait  published.     What  should  A  do  ?  " 
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10«     CUIEAPSIDE,     LONDON,     B.C. 

Iffarine  and  Pocket  Chronometers,  Deck  Watches,  finely  adjusted 
English  Lever  Watches,  with  Kew  Observatory  Certificates. 

GOLl)  MJ':l>AL  PARIS  I\T/:R\AriO\JL  KX'mUTI()S\.\c, 
Large  Illustrated  Catalogiie  post-t>i*e  on  application. 


